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CLINICAL AND EXPERIMENTAL 


INDICATIONS FOR CORAMIN IN CARDIOVASCULAR DISEASE 
JOSEPH Henry Cowan, M.D., JERSEY City, N. J. 


a AN earlier investigation,’ several observations were made in the treatment 
of a varied group of eardiae conditions. When this study was conducted, par- 
ticular attention was paid to the use of the same drug, coramin, in the treatment 
fa group of patients in the so-called middle age period and decades subsequent, 
who showed varying degrees of impaired myocardial efficiency explainable on 
an arteriosclerotic and atherosclerotic basis. 
There remains to be written a new chapter in medicine, dealing with this 
nieal entity. This type of degenerative myocardial disease has been described 
1) the failing heart of middle age; (2) chronic coronary artery disease, and 
under a syndrome as multiple myocardial infarction. Correlated ¢linieal 
| autopsy findings on these cases of hypertensive degenerative heart disease, 
v7 ng histories of long periods of progressively impaired myocardial efficiency, 
r out the pathologie patterns of numerous small myocardial infarctions re- 
ing from multiple small closures with resulting diffuse replacement fibrosis. 
Clinieally, the patient referred to, is a sthenie individual, more frequently 
a tiale, in the beginning of the sixth decade, with an essentially negative past 


ry, or a variable history of earlier hypertension, who has begun to notice 


thlessness on exertion, discomfort over the sternum, varying from a feeling 
0] neasiness and pressure, to a stenocardia, occasional attacks of so-called 
Indigestion or acute indigestion, fullness and belching after meals or on exertion, 
lacking the potentialities and dynamics of a year or six months earlier. This 
idual may continue along under a reduced program of activity, which he 


| for publication, March 16, 1938. 
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may occasionally formulate and adjust himself to, and maintain his soeial and 
conomile status reasonably well. Aside from dyspnea, many of these patients 
remain sine lark free trom sVmptoms. 

Physical examination may reveal very few findings, or varvine degrees oi 
eardiae enlargement, a murmur of atherosclerotic aortic insufficiency, tortuous 
carotid vessels, a diastolic pressure over 90 mm. with a variable pulse pressure, 
hepatic enlargement, and diminished vital eapacity. Radiologie changes ma 
hear out these findings, with elongation and tortuosity of the arch and thoracic 
aorta, caleifie deposits, and esophageal displacement. The electrocardiogram 
may be normal or show reduced voltage, T-wave changes, left ventricular pre 
ponderance, and ST or RT fusion. 

In the beginning of these disturbances, there is a great discrepanes betwee 
the patie nts’ subjective feelings and the objective findings of the phir sielan, ane 
there are probably more funetional and physiologic changes than Cal ay at 
scribed by our clinical methods. 

The structural change which has been deseribed, resulting anatomically it 
a replacement fibrosis of the heart musele, produces physiologically, states o 


myocardial asphyxia due to ischemia. Herein is traceable the succession o 


! 


events, dependent on the alteration of coronary How with altered cardiae musel 





metabolism due to anoxic states. As organic changes advance and becom: 
permanent, the clinieal picture advances with increasing grades of decompensa 
Lion 

ln the earher Investigations On coramiin, electrocardiograplhica ly, one of tt 
irst changes produced was an increase in voltage, which sustained itself an 
which disappeared upon the withdrawal of the drug. 

Coramin appears, therefore, to have a distinet influence on the heart in 


those patients who do not have any manifest central depression of respiratior 


and cireulation. It has been shown that it effects material differences in tl 
electrical potentials of the heart’s musculature. The question of how this effe: 
is reached has been left open because there are many possibilities which cannot 
be exactly defined. It is definite that coramin improves the coronary flow by 


t 


vasodilatory effeet or by some action on the extrinsic nervous mechanism of t 
heart as shown by some investigators, and by recent experiments of Stoland and 
(jinstere? who demonstrated in the denervated heart-lune preparation tl! 
increase in the coronary flow takes place after a coramin injection. It is als 
quite possible that through the effeet of coramin upon the respirators and eire 
latory centers, there results a benefit to the ecireulation in general, IMmprovil 


the conditions for the efficiency of the actions of the heart. Either by a dir 


Fis 1 MITA, MITA, MIILA Ss hilitie rortiti ind aortic regurgitation. EKG taken JA 
13. 1936. MIB, MIIB, MILIB: Patient B, EKG taken M 19, 1936, after treatment with or 
KILLA Patient K, EKG taken Marcel 3. 1936 Neurocirculatory asthenia, KIB Patient 
EKG taken April 25, 1936 Continuously on coramin. PLA Patient P, Normal heart, 1 
taker Marcel | 1936 Pil Patient P, EKG taken March 28, 1936, howing voltage 
crense fter administration of coramin., CILLA Patient C, ERG taken April 22, 1936, } 
receiving coramin and showing sinus rhythm CIIB: Patient C. EKG taken Mav 11, 1936, 
ing arrhythmia possibly toxic in origin FILA Patient F, EKG taken Feb 6, 1936 Ne 
circulatory isthenia FLIG Patient F, EKG taken March 30. 1936 ifter coramin admilr 


tion SIA, SIITA, SILLA Patient S, auricular fibrillation, EKG taken May 6, 1936. SIB, & 
SILIB: Patient S, EKKG taken May 18, 1936, continuously on coramin 





Not! In order to save space not all the leads were given in every case The last 
| ind B respectively, indi te the electrocardiozran before ind after treatment. 
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action or by the ways discussed, we have to imagine how coramin is effeetive 
in conditions which are characterized clinically by the syndrome described 
earlier. Improvements of venous return flow, vital capacity, and ventilation 
are probably all factors in the improvement of coronary flow and myocardial 
efficiency. 

The conclusions of the earlier observations are briefly : 

1. The margin of safety for coramin is wide, as regards the single dose or 
use over prolonged periods. 

2. Electrocardiographieally, the drug produces an inerease in voltage for 
all the main ventricular complexes, an increase that is generally well sus 
tained. There occurs at times, lesser and more variable changes in other com 
ponents, such as the T-wave and the P-R interval. A few observations suggest 
that the A-V conductivity may be slightly depressed in patients with badly 
damaged mvoeardia, 

3. Subjective and objective changes which pointed to increased myoeardial 
efficiency after sufficient dosage with coramin. This improvement may be duc 
to (a) an action on the extrinsie cardiac nerves, or (b) a direct action on the 
heart muscle, or (¢) an inerease in coronary flow. 

Some graphs illustrating the eleetrocardiographic changes deseribed ar: 
given in Fig. 1. They are selected from the material in my first investigation 
and from this paper. In every ease all three leads were taken, although in order 
to save space only the one that shows the most characteristic but common changes 
in these eases after the use of coramin has been reproduced in some instances 

Seventeen cases of chronie eoronary artery disease were studied in this 
later observation. This number comprised a group of 13 white males and 4 
white females. The ages ranged from 47 vears to 79 years. The entire group 
was urban dwelling in character. Three of the women were married housewives 
one was an unmarried suecessful business woman. Of the males, two wer 
physicians, eight were business men, two were newspapermen, and one was 
laborer. All of these cases showed evidence, elinieally, functionally, and physio 
logically, of impaired myocardial efficiency. Dyspnea was a eardinal symptor 
varving from breathlessness on considerable exertion to breathlessness an 
evanosis at rest. 

The following ease histories are characteristic of those studied. 

CASE 1.—E. V. L., male, aged 65 years, first noted breathlessness in December, 1936, 
climbing steps. His attention was particularly attracted to this symptom because of 
relatively long recovery period which brought him to his physician for examination. 1 
past history was essentially negative, except that he was a voracious eater and inclined 
worry. He had high blood pressure and was overweight. He was placed on a low cal 
diet, given some digitalis, and told to ease up his activities. In January, 1937, he had sev 
attacks of ‘‘asthma’’ during his sleep which necessitated his having an injection for rel 
His examination on February 15, 1957, revealed: blood pressure 168/100, heart rate 96, ré 
lar and rhythmical, heart enlarged to the left and downward, sounds of distant chara 
and embryocardic in nature, liver enlarged several centimeters below the costal margin, 1 
vessels distended and pulsating, pitting edema of the feet and ankles extending up to 


middle of the tibiae. 
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Fluoroscopy revealed moderate enlargement of the inflow and outflow tracts of the left 
ventricle, elongation and tortuosity of the aortic arch, with displacement of the barium 
filled esophagus to the right. EKG showed left axis deviation and high voltage. Bed rest 
for three weeks, restriction of fluids and diuresis established water balance, reducing the liver, 
abolishing the edema and the nocturnal dyspnea. On March 2, 1957, coramin, 30 minims twice 
daily, was commenced. On March 7, the patient, no longer bedridden, resumed moderate 
etivity which he inereased gradually. Since June he has carried on his business com 


fortably, even to the point of being able to climb steps without distressing breathlessness. 


Case 2.—J. J. M., male aged 70 years, worked as a newspaperman until two years ago. 
\t that time he suffered an acute coronary occlusion from which he recovered sufficiently to 
become ambulatory, but with such limited myocardial efficiency as to become dyspneie on the 
slightest effort. There had been no history of hypertension in earlier life, Physical exam 
ination showed a concentrically enlarged heart, diastolic pressure ranging above 100, and a 
liastolie murmur over the aortic area, probably due to a relative atherosclerotic aortie in 
sufficiency. Fluoroscopy revealed a small amount of fluid in the right costophrenie sinus, both 
lungs were not well aerated and showed evidence of congestive failure, elongated, tortuous, 
and dilated aortic arch and thoracic aorta, markedly enlarged inflow and outflow traets of 
both ventricles. The neck vessels were distended and pulsating, and the venous pressure 
was high. EKG showed low voltage and inverted T-waves. <All treatment had proved inef 
fectual in restoring compensation; there was no longer a response to diuretics. Coramin given 
in 30 minim doses twice daily was commenced on March 18, 1937, and continued until 


May 27, 19837, with no improvement. Decompensation was growing more complete. 
’ ’ | | 


In summary it is obvious that there remained not a particle of reserve in 
Case 2. Myocardial fibrosis was probably so extensive, complete, and collateral, 
and coronary circulation so inadequate as to produce little or no response from 
iny vasodilatory agent. In addition, central depression of circulation will 
mitigate materially against aiding peripheral circulation. Those cases failing to 
show any change under the influence of coramin medication fall under this 
category, 


CONCLUSION 


Out of a group of 17 patients suffering from the chronic coronary artery 
ndrome, observed clinically over a period of several months, and treated 
solely with coramin medication, 12 were considerably improved, kept free from 
mptoms, and maintained in reasonably complete economie restitution; 3 
patients were slightly improved, and 2 unchanged. As an addition to the 
rmamentarium of cardiae therapy, coramin is suggested in therapeutic doses 
trom 20 to 380 mimims twice daily, orally administered in fruit juices, in the 
pe of patient deseribed earlier in this paper. 
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DETERMINATION AND QUANTITATIVE ESTIMATION OF THE 
DECOMPOSITION OF CHLOROPHYLL IN THE HUMAN BODY* 


Joacuim THropor Bruascu,t M.D., AND CHARLES SHEARD, PH.D., 
ROCHESTER, MINN. 


ERY little clinical information is available regarding the decomposition 
of chlorophyll in human metabolism, although much is known concerning 
the chemical structure of the chlorophylls per se and their relation to the 


* Conant,” 


blood pigments and porphyrins III, as has been shown by HH. Fischer, 
and Willstatter.'> 

Chlorophylls differ from hemins in that they have magnesium instead of 
iron in the porphin nucleus and have different side chains, particularly the 
isoeyelic ring. By reason of this more complicated structure, chlorophylls 
and their higher derivatives show typical spectroscopic absorption bands which 
are very different, in both position and number, from the simpler spectra ol 
heminogenous porphyrins. There is also the possibility of rotation and allo 
merization. By proper chemical procedures chlorophylls in vitro may be 
changed to etioporphyrin III. Through these transformations, the phylogenetic 
relation, which may exist between hemin and chlorophyll in the natural de 
velopment of pigments, can be made clearer. Therefore, theoretically, simple 
porphyrins might occur as final products in the human metabolism of chlorophyll 

Experimentally, however, it has not been possible to prove that increased 
coproporphyrinuria was produced in the human body after feeding green 
vegetables, such as spinach, as has been shown by Brugsch,? and by Franke 
and Fikentscher.”. On the other hand, phylloerythrin'™ and, more recently, 
pyrroporphyrin (Rothemund'’) have been obtained as products of the de 
composition of chlorophyll in beef bile. The alteration of chlorophylls in the 
enteric tract of ruminants has been investigated by H. Fischer and his co! 
laborators” ® > and by Rothemund.'*?° The hydrochloric acid in the stomac! 
seems to have a pronounced effect upon the chlorophyll molecule in removing 
magnesium and possibly also phytol and methyl alcohol. Rothemund has 
found pheophytin a, pheopurpurin 18, and phylloerythrin in the gastrie mu 
cosa of cows. Further changes in the intestines are brought about by exte! 
sive reduction, decarboxylation, loss of rotation, and other modifications whic! 
culminate finally in the formation of phylloerythrin, a substance which is 
very important final product of the decomposition of chlorophyll in bovin 


metabolism. 


*From the Division of Biochemistry and Division of Physics and Biophysical Resear 
the Mayo Foundation, Rochester. 

‘Fellow in Biochemistry, the Mayo Foundation. 
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There are a large number of steps in the decomposition between chloro- 
phyll and phylloerythrin. Some of these compounds have been isolated and 
chemically analyzed by HL. Fischer and his collaborators. The method of 
Willstitter is generally used to isolate the products of decomposition, This 
method is based on the fact that both porphyrins and products of the decom- 
position of chlorophyll are extracted from ether by specific concentrations of 
hydrochloric acid, depending on the basicity of the compounds. The concen- 
tration of hydrochloric acid necessary to extract them becomes proportionatels 
lower as the change in decomposition of chlorophyll is increased. Willstatter 
defined the hydrochloric acid number as the percentage amount of this acid 
vhich will remove about two-thirds of the dissolved substance from an equal 
amount of ether. Using pure preparations, Willstitter obtained the data given 
in Table I. 

TABLE I 


He RELATIONSHIP BETWEEN THE CONCENTRATIONS OF Hyprociitoric ACID AND THE EXTRA‘ 
PION OF VARIOUS DECOMPOSITION PRODUCTS OF CHLOROPHYLL Witt ETHER 





PERCENTAGE HCl ABLE TO 
COMPOUND HC] NUMBER EXTRACT PRACTICALLY 
TOTAL AMOUNT 


Pheophytin a 2Y 32 
Pheophytin b 35 . 
Methylpheophorbide a 16 18 
Methylpheophorbide b a | 93 
Pheophorbide a 15 17 
Pheophorbide b 19.5 29 
Phytochlorin ¢ 3 1-5 
Phytorhodin qd 9 1] 
Pyrroporphyrin 1.5 2 
Rhodoporphyrin 3 } 
Phylloporphyrin 0.75 1.5 


METHODS 


lL. Eetraction. We have emploved Willstatter’s principle to obtain the 
‘composition compounds of chlorophyll which may exist in human feces. Ten 
ims of the amount of feces, collected in a period of twenty-four hours and, 
possible, after feeding a meat-free diet, were treated with acetic acid and 
usferred into ether. After the removal of porphyrins, compounds. of 
orophyll could be withdrawn from the ether by successive extractions with 

er cent hy drochlorie acid, 25 per cent hy drochloric acid, 37 per cent hy dro- 

ric acid, using ether and hydrochloric acid in the proportion of about 3:1 

Olume. The extraction is performed as follows: 

Ten grams of the collected feces are ground in a mortar, and about 10 

> ee. of elacial acetic acid is added. To this mixture, 75 to 100 e.c. of 

is added, and the mixture is again ground; the ether extract is then 
sferred to an Erlenmeyer flask. The remainder of the feees is ground 

rey catedly by adding a few cubic centimeters of glacial acetic acid and ether 
the resultant extraction of ether appears practically colorless. All ex- 

of ether, together with the remainder of the ground feces, are shaken 

1 her in a machine for two hours. Then the mixture is passed through an 
ary paper filter and washed in a separatory funnel with distilled water 














232 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


to remove the free acetic acid. The procedure is carried on until the wash 
water no longer turns blue litmus paper red. 

The acid-free ether is shaken with small amounts of 5 per cent hydro- 
chlorie acid in order to remove the porphyrins. The shaking is repeated two 
to three times for fifteen minutes. The 5 per cent hydrochloric acid extract 
contains all the porphyrins but some protoporphyrin may remain in the ether, 
especially in cases in which the feces contain a large quantity of hemin com 
pounds produced by the presence of blood or meat in the intestinal tract 
This protoporphyrin may be obtained in the subsequent extraction with 10 
per cent hydrochloric acid. 

In the 5 per cent hydrochloric acid we have frequently found, by spectro 
scopic examination, derivatives of chlorophyll which are carried down along 
with the porphyrins. This is likely to occur in the presence of colloidal 
impurities, although the hydrochloric acid number of those compounds may 
be far higher than the concentration of hydrochloric acid used. In order to 
separate such chlorophyll compounds from porphyrins and to restore them 
to the ether extract, we have found it necessary to neutralize the 5 per cent hydro 
chlorie acid extract with sodium acetate until Congo paper remains red. The 
porphyrins and chlorophyll compounds are then placed in a separatory funnel! 
and are extracted by ether containing a few drops of glacial acetic acid. It is 
necessary to extract the neutralized solution of porphyrins and chlorophylls 
several times with ether, adding some glacial acetic acid to maintain an acid 
reaction in order to avoid the loss of chlorophyll derivatives. We have used 
the property of red fluorescence in ultraviolet light to determine the presence 
of small amounts of porphyrins or chlorophylls. Larger amounts of the com 
pounds of the chlorophyll type may be determined with a pocket spectroscope, 
especially by observing the band in the red region. The ether-acetic acid 
extract must be washed with slightly alkaline (NaeCOs) distilled water and 
later with pure distilled water. The process is repeated until the acetic acid 
is removed from the ether. Subsequently the porphyrins may be removed by 
repeated shaking with 5 per cent hydrochloric acid. The decomposition prod 
ucts of chlorophyll which have higher hydrochloric acid numbers remain i 
the ether. The derivatives of chlorophyll which are in solution in ether are 
added to the ether extract, previously obtained, which contains the largest 
part of the chlorophyll compounds. 

The foregoing separation of porphyrins from chlorophyll derivatives o! 
tained from human bile and feces is adequate because, from our observations 
phylloerythrin does not appear in any appreciable amount as an end prod 
of chlorophyll metabolism. It would be difficult to separate phylloeryth: 
from other porphyrins, because the hydrochloric acid number is about ei¢ 
(Brugsch and Keys*). 

After the removal of porphyrins, the various chlorophyll derivatives 
ether are extracted, in turn, with 10 per cent, 25 per cent, and 37 per ce 
hydrochloric acid. Each extraction is done three times with the same cone 
tration of hydrochlorie acid, the relation of the volume of ether to the volu 
of hydrochloric acid being about 3 to 1. In this manner three hydroch| 


acid fractions are obtained finally: (1) 10 per cent, (2) 25 per cent, and 
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3) 37 per cent hydrochloric acid; the remainder is (4) the ether fraction. 
Each fraction is examined spectroscopically for the presence of absorption 
bands characteristic of chlorophyll derivatives. 

2. Quantitative Estimations of Chlorophylls and Their Derivatives.—Vari- 
ous methods may be used for the quantitative estimation of the chlorophylls or 
their derivatives which may be present in the four fractions. 

A. Colorimetric determinations: the comparison of the intensity of the 
ereen color with the intensity of a standard solution of chlorophyll. This 
method can be used only for pure preparations (Willstatter). 

Bb. Fluorescence determinations: the comparison of the intensity of the 


red fluorescence, in ultraviolet light, of an unknown amount of chlorophyll 
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Fig. 1 Curves of the spectrophotometriec transmissions of solutions of crystallized prep- 
ms of chlorophyll in the region 630 to 690 millimicrons; /, 0.01 mg. per c.c. of ether or 
n 2, 0.02 me. per c.c. of acetone. 


vatives with a standard fluorescent solution. One of us (Brugsch') has 
| the fluorescence of coproporphyrin as a standard to determine the rela- 
amounts of compounds of chlorophyll decomposition extracted with 25 
cent hydrochloric acid from human feces, biles, and urines. The difficulty 
ising this method is the fact that solutions of chlorophylls and also solu- 
s of their derivatives, which have high hydrochlorie acid numbers, lose 
e or all intensity of fluorescence when they pass into a colloidal state. 
s not possible, therefore, to keep standard solutions of chlorophyll for 
several days without loss of fluorescence. Hence the quantitative estimation 
luorescence as a measure of the amount of chlorophyll compounds which 


be present is not satisfactory. 
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C. Spectrophotometrie determinations: the measurement of the percent 
age of transmission (or absorption) of light in the red region of the spectrum 
by solutions of chlorophylls and similar compounds and the comparison with 
the transmission (or absorption) of light in the same spectral region by a 
standard solution of chlorophyll in the same condition (acetie acid ether 
We have used a direct reading spectrophotometer, the so-called Keuffel and 
Esser color analyzer. This apparatus and methods for the spectrophotometric 
determination of porphyrin were described by Sheard, Osterberg, and 
Goeckerman.! 

We have used standard solutions contaiming 1 or 2 me. per 100 ¢.c. ot 
ervstallized preparations of chlorophylls. These materials were obtained from 
the American Chlorophyll Co., and were mixtures of chlorophyll a and bb. For 
each spectrophotometric determination we have prepared a fresh solution ot 
chlorophyll in ether in the presence of acetic acid. A standard solution, whic! 
contains the same amount of chlorophyll in acetone, gives the same spectro 
photometric reading as does a solution in ether. Fig. 1 shows the speetropho 
tometric readings obtained in the region of the red absorption band of three 
standard solutions of chlorophyll; two of them (curve ] contain 1 me. ol 


chlorophs I] per 100 ¢.c. of ether or acetone, and the third contains 2 me. pel 





100 ¢.c. of acetone. The maximal absorption occurs at approximately 665 
millimicrons. For control purposes, we also made simultaneously qualitativ: 
spectroscopic examinations of the solutions and determined the presence ol 
other absorption bands of chlorophyll derivatives. This procedure enable 
us to rule out the presence of compounds which have similar absorption bands 

It should be emphasized that preparations of chlorophyll are affected 
readily by acid and other vapors in the room, as well as by light. Henee it 
is essential that a new supply of crystalline chlorophyll be used for the prep 
aration of a standard solution. When solutions are prepared in this manne) 
the spectrophotometrie readings at the point of maximal absorption (that is 
665 millimicrons) are practically the same (that is, 57 and 60 per cent, respec 
tively). We have found that erystalline chlorophyll, which has been kept 
for a few months, may show a shift of the maximal absorption to (approxi 
mately) 670 millimicrons. 

We have taken 58 per cent as the average value of the spectrophot 
metrie transmission of the standard 1 mg. per 100 ¢.¢. of a solution 
chlorophyll at 665 millimicrons. We have neutralized the free hydrochlor 
acid in the hydrochloric acid extracts of chlorophyll derivatives from huma) 
feces with sodium acetate and sodium hydroxide and then transferred int 
ether with acetic acid before obtaining the spectrophotometric readings o 
solutions containing unknown amounts of chlorophyll derivatives. In ever 
instance we made the spectrophotometric determinations as soon as possib 
after the transfer into ether. The amount of pigment can be determined fro: 
the laws of Bouguer and Beer, 


C, log [, 


log 





I. 
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BRUGSCH-SHEARD: CHLOROPHYLL IN THE HUMAN BODY Pr 
in which Cy and Cs are the respective eoncentrations, and I; and I, are the 
percentages of transmitted light at the maximal absorption value (that is, 
660 to 670 millimierons). The symbols C; and I, refer to the standard solu- 


tion; in this case the wave length of maximal absorption is 665 millimicrons. 


QUANTITATIVE ESTIMATIONS OF DECOMPOSITION OF CHLOROPILYLI. SUBSEQUENT TO 


THE INGESTION OF A GENERAL TYPE OF DIET 


Table Il gives the values of the concentrations (per 100 em. of feces) of 
the products of chlorophyll decomposition determined from the spectrophoto- 
metric readings and a substitution in the equation expressing the Bouguer- 


Beer law. 





PABLI 1] 
AMOUNTS OF CHLORPHYLL DERIVATIVES EXTRACTED BY VARIOUS CONCENTRATIONS OF Hypro 
enborte ACID 
10% nel 95% uel 379% Hel ETHER 
CASI MG. PER 100 GM. MG. PER 100 GM. MG. PER 100 GM. MG. PER 100 GM. 
FECES FECES FECES FECES 
| 0.732 ,.995 15.2 11.0 
< 9 1 22.0 56.5 3.99 
0.787 2.69 deed Negative 
| 0.689 9 45 10.16 1.05 
1.612 13.725 10.51 7.029 
0 0.54] 7 93.8 0.576 
7 Traces deeded £595 oe 
Ss Traces BES 15.8 0.55 
+t Negative Negative 2.40 Traces 
10 Negative Negative 7.40 6.8958 
11 Negative Negative 10.792 Negative 
Negative O.072 0S 1.5 
ls Negative 0.527 1.695 0.86 
14 Negative Negative 14 Negative 
1D Negative 0.4575 1.51 ? 
1G Negative 3.4 6.27 1.877 
17 Negative Negative 0.63 0.48 
1S Negative Negative 1.14 3.00 
19 Negative L.SY ‘21 2.27 
20 Negative 0.816 1.725 2.16 


1. Pheophytin Fraction (37 Per Cent Hydrochloric Acid) The results 
btained show that the largest part of decomposed chlorophylls found in 
man feces cannot be extracted from ether with 10 per cent or 25 per cent 
lrochloric acid, but only with 37 per cent hydrochloric acid. Therefore, 
ording to our methods and data, the largest part of the chlorophyll decom- 

tion in the bowels has not progressed beyond its initial stage. This frac- 

may be called the pheophytin fraction, the largest part being pheophytin 

Curve 1 of Fig. 2 shows the spectrophotometric transmission of this frac- 
after neutralization of the hydrochloric acid with sodium hydroxide and 
transfer into ether. 

It is well known that pheophytins in concentrated hydrochloric acid are 

unstable. Pheophytin is converted into pheophorbide readily by the 
nm oof hydrochloric acid. After standing for a few hours, pheophytins in 
r cent hydrochloric acid are changed completely to pheophorbides. Hence 


ave allowed the compounds of the pheophytin fraction to remain in the 





r cent hydrochloric acid for several hours in order to convert them into 

















CLINKIK 





Al, MEDICINE 





THE JOURNAL OF LABORATORY AND 





phorbides. The phorbides are transferred into ether and again extracted; 


initially with 18 per cent hydrochloric acid to obtain the pheophorbide a, and 
later with 22 per cent in order to obtain the pheophorbide b. The 18 per cent 
hydrochloric acid contains the largest part of the pigments. This fraction is 
taken into ether and esterified with diazo methane (Fischer and Riedmair* 
After standing twenty-four hours, pheophorbide is converted into chlorintri 
methylester. This compound can be crystallized from acetone methyl alcohol 
and recrystallized out of ether methyl alcohol. The typical prismatie erystals 
have a melting point of 210° ©, 

2. Phorbide Fraction (25 per cent hydrochloric acid) —The 25 per cent 
hydrochloric acid fraction of the decomposition of human chlorophyll often 


contains compounds which, according to their hydrochloric acid numbers, are 





phorbides. Investigations of Hl. Fischer and Stadler revealed some products 
of the decomposition of chlorophyll in feces of ruminants, especially of sheep. 


They found compounds such as pheophorbide a, pyrropheophorbide a, dihydro 
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Fig. 2.—Curves of the spectral transmissions of the decomposition products of chlor 
phyll; 2, 37 per cent hydrochloric acid fraction in ether; 2, 25 per cent hydrochloric acid fra 
tion in ether. 
pheophorbide a, pyrropheophorbide b, or so-called probophorbides. We hav: 
not been able to determine whether these are the same compounds whic! 
occur in human chlorophyll metabolism, and, if so, which of them oceur. The 
eurve of spectrophotometric transmission of such a mixture obtained by ex 
traction from ether with 25 per cent hydrochloric acid is shown in Fig. 2 
eurve 2. The phorbide fraction may be fairly large in relation to the tot 
excretion of chlorophyll products but not in excess of (approximately) 40 p¢ 
cent, and comprises a variable part of the total amount of such pigments 
the feces (see Table II). 

3. The 10 Per Cent Hydrochloric Acid Fraction—The amount of decor 
position products of chlorophylls obtained from the feces is the smallest 
the 10 per cent hydrochloric acid fraction. These decomposition products a 
detectable only after large amounts of chlorophyll have been ingested. Y\ 
were not able to prove the presence of phylloerythrin in human feces or b 






If we take the spectrophotometric transmission of this fraction in 10 per ec 
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hydrochloric acid fraction (after the removal of impurities through repeated 
transfers and extractions between ether and 10 per cent hydrochlorie aeid), 
we obtain curves (Fig. 3, curves 1 and 2) which show three or four bands in 
both human bile and feces (obtained by treating 10 liters with acetic acid 
ether) instead of the two bands typical of phylloerythrin in 10 per cent hydro- 
ehlorie aeid. 

The spectrophotometric curves obtained from 10 per cent hydrochloric 
acid extracts of bile and feces differed markedly from the spectral transmis- 
sion curve of phylloerythrin in 10 per cent hydrochloric acid in that they 
exhibit the strongest absorption band in the red region (Fig. 3). These data 
and curves, and similar results, show that, in the decomposition of chlorophylls 
in the human body, compounds appear in bile and feces which are extractable 
from ether with 10 per cent hydrochloric acid and which may be differentiated 


readily from phylloerythrin in 10 per cent hydrochloric acid by the presence 
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Fig. 3.—Curves of the spectral transmissions of the decomposition products of chloro- 
ll; 4, 10 per cent hydrochloric acid extract of feces; 2, 10 per cent hydrochloric acid extract 
bile; curve 8 is the spectral transmission of phylloerythrin in 10 per cent hydrochloric acid. 


an absorption band in the red region of the spectrum. Furthermore, there 
in ether a very noticeable difference spectroscopically, especially in the red 
gion, between phylloerythrin and such compounds. The spectroscopic data, 
wing the presence and limits of the observed absorption bands, are: phyllo- 
thrin in ether; I. 638 to 633 millimicrons, II. 597 to 579 millimicrons, III. 
| to 554 millimierons, and TV. 528 to 513 millimicrons; in human decomposi- 
of chlorophyll (10 per cent hydrochloric acid fraction); I. 673 to 656 
imicrons, IT. 605 to 581 millimicrons, III. 565 to 554 millimierons, and IV. 
to 520 millimicrons. 

1. Chlorophyll Fraction (ether).—The chlorophyll remaining in the ether 
r all the extractions with different concentrations of hydrochlorie acid 
be, in part, unchanged. On the other hand, some chlorophyll may have 
changed but cannot be extracted by hydrochlorie acid in the presence 


lupurities, especially fats and colloids in the ether. 
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QUANTITATIVE ESTIMATION OF DECOMPOSITION OF CILLOROPILYLI 


AR TER INTAKE OF CRYSTALLINE CILLOROVPILY LI 


In order to exclude the possibility of changes in chlorophyll produced by 
the preparation of the food prior to its ingestion, we gave several hundred 
milligrams of standard chlorophyll in capsules to persons with normal metabo 
lism and on a chlorophyli-free diet. The data of Fig. 4 show the increase in 
the excretion of the various decomposition products under the administration 
of chlorophylls given in doses of 100 mg. a day for four days. We have made 
the same fractionations with 10 per cent hydrochlorie acid, 25 per cent hydro 
‘ 


chlorie acid, and 3 per cent hydrochloric acid, as were used in the investi 


vations following the ingestion of a general type of meal. The pheophytin 


fraction is largely predominant. In one instance we were able to recover 
about 43 per cent of the 400 me. of chlorophyll ingested. In another case ; 
»( 4 es | 
) < Ny ) ) 
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Fig. 4 Curves showing the relationships between the intake f crystalline choropl 
ind the recovery of chlorophyll and its products of decomposition 1, 37 per cent hydrochlori 
rcid fraction », ether fraction 25 per cent hydrochlori cid fraction, and 4, 10 per cent 
hydrochloric acid fraction 


there was excreted 72.7 per cent of chlorophyll subsequent to the first ad 
ministration of 100 me. of material. 

The question arises as to whether such a loss of chlorophyll compounds 
is due to difficulties of the methods of extraction, the presence of impurities 
absorption, and so forth, or whether, in addition to the type of chlorophy! 
decomposition we have investigated, there are other ways and means for t! 
body to break down those pigments. 

It has been suggested that the chlorophylls are decomposed to porphyrit 
in the course of metabolism and appear in the urine. We have investigate 
quantitatively this possibility, over a considerable period of time, in differe 
individuals with and without the administration of chlorophyll. In the twent; 
four-hour specimens of urine we have found coproporphyrin with 113.6 gamn 
as the highest value and, three days after stopping the feeding of chloroph) 
On the other hand, the amounts 


there was still 80.6 gamma in the urine. 
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porphyrins in the feces during the intake of 400 mg. of chlorophyll was 770 
vamma as the highest value and only 48.6 gamma as its lowest value daily. 
It does not seem possible, therefore, that the normal process of chlorophyll 
decomposition in the human body should lead to large amounts of porphyrins. 

There is another possibility of the breakdown of such compounds.  H. 
Fischer and Stadler have mentioned the appearance of reduced ‘‘leuco’’ com- 
pounds which could be isolated as phylloerythrin by reoxidation of the 
compounds extracted from the wash water. We have not investigated the 
presence and the importance of such compounds. The question also arises 
as to whether there is any direct relationship between the presence of larger 
amounts of bilinoidal pigments in urine and feces after the ingestion of food 
rich in chlorophyll. This problem, in so far as we know, has not vet received 


any serious investigation, 
SUMMARY 


1. Methods are deseribed by which it is possible to extract and to esti- 
mate speetrophotometrically the amounts of decomposed products of chloro- 
phyll whieh are found in human bile and feces. 

2. The spectrophotometrie determinations of various chlorophyll com- 
pounds in ether are based on the intensity of transmission in the red region 
approximately 665 millimicrons) as compared with the transmission in the 
same region, obtained with a standard solution of crystalline chlorophyll a 

db. 


3. The products of decomposition of chlorophyll were separated into four 
fractions: (1) 10 per cent hydrochloric acid, (2) 25 per cent hydrochloric 
7 


id (phorbides), (3) 37 per cent hydrochloric acid (pheophytins), and (4) 


ether (chlorophylls and others). 
!. The pheophytin fraction was found to be the largest portion of the 
products of chlorophyll decomposition recovered from human feces. 
5. The presence of pheophytin a@ was proved by the conversion into 
ophorbide a and crystallization into chlorintrimethylester (melting point, 
910° (1). 
6. The 25 per cent fraction was found to contain phorbides. 


7. Compounds soluble in the 10 per cent hydrochlorie acid fraction were 


ined from human feces and human bile; spectroscopic analyses showed 
to be different from phylloerythrin, both in the feces and in bile. We 
not able to prove the presence ot phylloerythrin. 
s. It is possible to obtain the same fractions of chlorophyll produets in 
‘ces after the ingestion of pure crystalline chlorophyll with a chlorophyll- 
liet as under a general diet. The loss of the ingested erystalline chloro- 
p may amount to as much as 57 per cent. 

' It is shown that the loss of chlorophyll is not due to the conversion 
I xereted porphyrins. 
. The possibilities concerning the fate of chlorophyll in human metab- 


are discussed briefly. 
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PRONTOSIL AND THE TREATMENT OF SPREADING PERITONITIS 
IN DOGS* 


» 


JoHN ©. Bower, M.D., AND JoHN C. BurRNs, M.D... Putuapenpenta, Pa... anp 
Harotp A. MenGuLE, M.D., FRANKLIN, N. C 


T IS NOT without some hesitancy that we present this report of our investi 
| tion of the effeet of prontosil upon spreading peritonitis of appendiceal orig 
experimentally produced in dogs. The early reports of the efficacy of sulfan 
mide against coccal infection, especially streptococcal, meningococeal, and gor 
coceal, aroused a wave of enthusiasm which resulted in regrettable untow: 
effects and fatalities. Now that reports and warnings of various ill effeets hi: 
been published, perhaps the medical profession will view favorable conclusions 
from recent experimental work more deliberately than heretofore. 


*From the Department of Research Surgery, Temple University School of Medicine, P 
delphia, Pa 
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While our report deals with prontosil—disodium 4-sulfamido-phenyl-2-azo- 
7-acetylamino-1-hydroxynaphthalene 3-6-disulfonate*—it is well known that this 
substance is closely related chemically to sulfanilamide and in the body is con- 
verted into and depends upon the action of that substance for its effects. For 
obvious reasons, therefore, we merely present the results we obtained in experi- 
mental animals without further comment. We have not used it for the treat- 
ment of spreading peritonitis in man in a sufficient number of cases to make a 
report. 

We have already reported an extensive study of the bacteriology of ap- 
peudiceal peritonitis in both man and dog.’ In brief, this study shows the pre- 
dominating organisms in man to be B. coli (66 per cent of cases) and various 


strains of streptococcus (39 per cent ot Gases). In the doe, the meidenece of 





B. coli was much lower (approximately 27 per cent), while that of the strep- 
tococeus remained about the same (382 per cent of eases). In both man and 
dog, Cl. welchvv was present as the predominating anaerobic organism (60 per 
cent and 638 per cent, respectively). The high incidence of streptoeoeei (ot 
various strains) and Cl. welchit prompted this investigation. 

The method of induction of spreading peritonitis in dogs and its treatment 
with horse serum, perfringens antitoxin, and lyophilized convalescent serum, 
have been previously reported. The reasons for selecting dogs for this experi- 
mental work are of sufficient importance, however, to warrant repetition : 

1. Dogs are always available for experimental work. 

2. While the appendix of the dog is very much larger than that of the 
human being, especially when compared to the size of the intestine, it has a 
similar structure, and its base and mesentery can be easily ligated and gangrene 
readily induced. 


3. The peritoneum of the dog is more resistant to infection than that of any 


er animal having an appendix. This is a decided advantage beeause the 
eradual development of the acute process makes possible accurate observation 
eross changes and facilitates removal of tissue and exudate for histologic 
| bacteriologic examinations. 

t. The constitutional resection of the dog following an induced gangrene 
the appendix is similar to that observed in the human being when the 
endix is acutely inflamed. Temperature is moderately elevated; the heart 

is moderately increased; the dog vomits and remains in one position unless 
urbed. Examination shows a neutrophilic leuecoeytosis, and the blood eul- 

is invariably negative for microorganism. When rupture occurs, the 
erature and pulse are greatly increased, the tongue becomes dry, the eyes 
erless, and the abdomen moderately distended. 

». In addition, the complications of mechanical ileus and metastatie ab- 
es do not develop frequently, so that the symptoms and signs aeecompany- 
these hazards do not have to be dealt with. 

ollowing the induction of gangrene of the appendix, in approximately 
er cent of the dogs, a small localized abscess forms, and they reeover without 

‘treatment. The intraperitoneal changes which accompany recovery closely 


The prontosil for this investigation was furnished by the Winthrop Chemical Co. 
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resemble those observed in the human being. <A certain percentage, however, 
will develop peritonitis and die. This percentage is increased by the administra 
tion of laxatives, just as in the case of man. The time of administration, kind 


and quantity of laxative administered, influence the mortality decidedly. 


TECHNIQUE 


lL. Selection of Animals. Does were selected at random, except that the 
control and treated dogs were of approximate size and weight. Pregnant dogs 
and those weighing less than 5 kg. were not used. Occasionally dogs were avail 
able that had been operated upon previously; but those that had abdominal 
operations and had been returned to stock within thirty days were not used 
No effort was made to prepare the dogs for operation, except that they were not 
fed that morning. : 


2. Ope rative Technique. All the operations were earried out under etl 


anesthesia. The abdomen was shaved, serubbed with ether, and painted wit! 
3.5 per cent tineture of iodine. Usine aseptic technique, a right rectus meision 
about 10 em. long, was made, the appendix located, drawn up, dissected free of 


its mesenteric attachment, and all bleeding vessels clamped and = separatel 





ligated with fine silk. A double ligature of silk was then tied tightly around 
the appendix as close to its base as possible. After inspection to insure com 
plete hemostasis, the abdominal contents were replaced and the wound closed 
in lavers, using silk throughout and re-enforeing the fascia with interrupted 
sutures. Drains were not used. During the operation, precautions were taken 
to avoid the escape of blood into the peritoneal cavity. No dressings wer 
applied. 

3. Administration of Laratives.—KEarly in our study of appendiceal pet 
tonitis we found that by giving 30 ©. of castor oil to the average dog twenty 
four hours after operation, a spreading peritonitis could be induced in about 
70 per cent of the cases. The mortality of this particular series was 68.5. p 
cent; 91.9 per cent of the deaths were due to spreading peritonitis. We the 
gave 30 ©. of castor oil to a group of animals directly after operation. Thy 
mortality rose to 78.3 per cent, and 94.5 per cent died of spreading peritonitis 
An average dose of 54 ¢.¢. of castor oil was then given to a third group of dog 
immediately after operation; the mortality rose to 91.7 per cent, and 100 yx 
cent died of spreading peritonitis.” These experiments proved that the time « 
administration of laxatives and the quantity of laxative administered influen: 
the outcome. Every animal that received 2 ounces of castor oil the day of opel 
tion, or twenty-four hours following the operation, died of spreading peritonit 

4. Postoperative Care.—The animals were placed in metabolic eages al 
allowed to recover before being returned to the animal house. Food and wat 
were placed before them. They were disturbed only when brought to the oper: 
ing room for the administration of prontosil. They were returned to the anim 
rooms immediately after this procedure, with as little handling as possib 
Special care was taken to avoid squeezing or massaging their abdomens. 


Post-mortem examinations were carried out in all instances as soon as p 





sible. If post-mortems were not done to determine the cause of death, if 

















BOWER 








I 1 SPREADING PERITONITIS IN DOGS 


animal died of pneumonia or other complications within ten days, or if at sub- 


sequent operation the appendix was found to be intact, showing that the ligature 


had slipped, then the record was discarded. 
RESULTS OF THE TREATMENT WITH PRONTOSIL OF INDUCED SPREADING 
PERITONITIS IN| DOGS 


Twelve dogs were used as a control group for comparison with the treat- 
ment group. The average weight of these control dogs was 11.6 kg. The 


appendix was ligated at its base, and the mesentery was stripped free and 


TABLE I 
PRONTOSII 


fnimals That Recovered 


SUBSEQUENT 


PRONTOSII AVG. DOSI Ry i 
DOK WEIGHT ae a NO. OPERATION 
NO. KG. tis aaa a LIVED APPENDIX 
— dies ABSORBED 
96 ll deo 1] | l 
111 a) 5) 9 l l 
570 LD 75 15 l l 
760 10 50 10 ] l 
7¢ 6. 2.0 6.5 l l 
765 10 50 10 ] ] 
Via 11.5 21.75 S.f l l 
S4 L: Ho ] l l 
7S6 IS a) LS | l 
TSS 14 70) 14 
79 i 60 15 ] ] 
12.) Sf 11.8 1] LOO per cent 
PRONTOSII 
Animals That Died 
as FIGH PRONTOSII \VG. DOSI WO, AVG. HR. PATHILOLOGY 
KG. roTAL DOS! C.c. IN DIED LIVED SPREADING 
Cc. S& HR. FTER OP. PERTITONTTIS 
4 10 30 1 l 6 l 
10 nt "0 i ] tS ] 
(] 10) D0) 10 | 120 l 
OZ 5 25 ) | 1S l 
lt s 24 s l 24 l 
bt 14 oo 14 l tS ] 
od 1D 79 15 | 226 
TOY y LO. 6.7 ] SO l 
7H9 9 Be 10 l 1S I 
iS7 ] O05 | 132 | 
7%) 1] 49.5 8.2 l 72 l 
103 1.0 9.4 11 SOLIS 100 per cent 
ed separately, An average dose of 54 ¢.¢. of castor oil was given immedi- 


atter operation, The mortality was 91.7 per cent; 100 per cent died of 
S ding peritonitis, and the average number of hours those that died survived 
peration was 66. In the treatment group were 22 dogs. The average 
t was 11.03 ke.; the average weight of those that lived was 12.1 ke., and 
0 ise that died, 10.03 ke. With two exceptions, the dose of castor oil was 


Two dogs in the treatment group received only 45 ¢.c. of eastor oil, 









244 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINI 
instead of 60 ¢.e. One of these does lived and one died, No. 763 and No. 793, 
respectively, In the treatment eTOUP, those that recovered or died received the 
same amounts of eastor oil, 

Dose and Method of Administration of Prontosil— Bach dog was given 1 ¢.¢ 
of prontosil per kilogram of body weight every eight hours, day and night. It 
Was given intramuscularly, because our previous experience with perfringens 
antitoxin had shown that the intramuscular injection was more effective Mae 
of the 22 dogs received an average dose of 51.2 ¢.¢. total of prontosil. Those that 
recovered received an average total dose of 58.6 ¢.e,. and those that died, 43.9 ¢.¢ 
The average individual dose of those that lived was ILS ¢.e.; of those that died 
94 ¢¢. The diminished total dose of those that died is due to the faet th: 
death interrupted further treatment. The animals that died survived the oper: 
tion an average of SO.1 hours. The mortality of this group was 50 per eent 
11 dogs lived, 11 died. In those that lived, subsequent operation showed that 
the appendix was completely absorbed in every instance. Of those that died 
100 per cent died of spreading peritonitis. Table I shows the weight, total dos 


of prontosil, and the outcome of each individual doe. 


SUMMARY 


Twenty-two dogs, average weight 11.1 kg., were operated upon under etli 


anesthesia. Gangrene of the appendix was induced by ligating the blood vesse 
in the mesentery and the base of the appendix. 

Spreading peritonitis was induced by the administration of 53.6 ¢.c. 
age dose) of castor oil immediately after operation. 

One cubic centimeter of prontosil per kilogram of body weight was injecte: 
intramuscularly every eight hours, day and night, until the animal had eithe: 
died or shown sufficient improvement to indicate he would reeover. Thy 
mortality of this group was 50 per cent. 

A control group of 12 animals, average weight 11.6 kilograms, was operate: 


upon as described, given 54 ¢.c. (average dose) of castor oil immediately aft: 


operation, but received no treatment. The mortality of this group was 91. 


per cent. 
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THE ACTION OF CHEMICAL AND PHYSICAL AGENTS ON 
CLOSTRIDIUM WELCHIL AND ITS TOXIN* 


FRANCIS E. Comtex, Pu.D., OMAHA, NEB. 


= the early investigations of Minek (1896), considerable work has been 


reported on the effects of x-rays and ultraviolet light on microorganisms. 
Moore and Kersten (1936) prepared a nontoxic vaecine of Shigella dyse nteriac 
Shiga) by irradiation of saline suspensions of the organisms with soft x-rays. 
by the same method, they inactivated encephalitis virus (St. Louis 
tvpe). Blank and Kersten (1955) showed that a modified extract agar could 
be so altered by the action of soft x-rays that it would no longer support the 
erowth of Bacillus subtilis 
This preliminary report deals with a study of the effect of x-rays on the 
toxin and organisms of Clostridium welchii. Welly (1988) and Kelly and 
Dowell (1936) reported on the use of x-rays in the treatment of gas gangrene. 
In a later paper, Kelly and others (1937) were able to show some helpful 
effeets by treating guinea pigs injected with Clostridium welchi, or its toxin, 
with x-rays. By irradiation of these animals some therapeutie action was 
shown. In some of the experiments, over 50 per cent of the animals treated 
lived while the eontrols died in a few days with typieal gas gangrene. In 
ther eases, the x-ray treatment seemed to increase the time, by several hours 
or days, between the inoculation and death of the animals. Trradiation also 


destroved or decreased the gas in the tissues in a number of the animals. 


APPARATUS AND TECHNIQUE 


Two cultures of Clostridium welchii (No. 88 and 88 a) isolated from fatal 
s of gas gangrene were used in this study. The eultures were purified 
the usual anaerobie methods. 

The toxin was produced by growing the organisms in beef infusion broth, 
8, containing 0.1 per cent dextrose and sterile guinea pig tissue. The 
res were incubated for twenty to twenty-four hours at 37° C, centrifuged 
filtered through a Berkefeld N filter. Six-tenths of a eubie centimeter 
is filtrate killed 350 gm. pigeons in eight to ten hours. 

Standard x-ray equipment and tubes were used. The tubes were operated 
voltage of 90 kv. and a eurrent of 5 Ma. The material was irradiated 
eht minutes at a distance of 30 em. from the copper target. A 1 mg. 
num filter and a cone were used throughout the work. 
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EXPERIMENTAL 


In these experiments we were primarily interested in studying the effects 


of x-rays and biochemical substances on Clostridimm welchii and its tox 


The material to be irradiated was placed in long slender glass tubes (1.5 


20 em.) and sealed with a rubber cap. The thickness and type of glass use: 


in these tubes was taken into consideration in determining the radiation, whi 


was equivalent to that used in treating patients with gas gangrene and simila 


infections. 
In order to simulate conditions found in eas ewanerene infections, 1 


following substances were irradiated: 6 c.c. of a toxie filtrate with ster 


vuinea pig tissue, 6 ¢.c. of a toxie filtrate. 6 ¢.c. of an eighteen-hour cultu 


of Clostridium welchi in beef infusion broth in the presence of sterile tisst 


and a toxin leucoeyte mixture consisting of 1.5 ¢.¢. of a 0.5 per cent suspensio 


of human cells in saline and 1.5 ¢.c. of toxin. The materials were prepa 


in duplicate so that one tube could be treated with x-rays while the ot! 


served as a control. The tubes containing the various substances were ke 
at room temperature for four hours before the first x-ray treatment. The 
were Irradiated for a period of eight minutes every twenty-four hours for five 


successive days, and kept at room temperature throughout the experiment 


Four hours after the first. second, and fifth treatments, the tOXicity ot 1 


substances was tested on pigeons. The viability of the organisms was als 


tested by subculture in beef heart medium. The results of these tests ar 


summarized in Table I. 
TABLE | 


AcTION oF X-RAYS ON Cl, welchii AND Its TOXIN 


riMEB Ot rIME OF riMpe O} 
DEATH DEATH DEATH 
MATERIA INJECTED 
AFTER CONTRO! AFTER CONTRO! AFTER co 
INTO PIGEONS 
FIRST SECOND FIFTH 
TREATMENT rREATMEN' rREATMENT 
(Culture 0.6 e.e. 6.5 in 7 ih 7 ( 
Ss. 7 10.5 8.5 Ss 7 
Toxin and tissue 0.6 «.e, 0) Is 29 17 Lived Live 
Lived Live 
Toxin 0.6 ec, S Ss a5 Ss 1.5 Ss 
8 Q 
Toxin and leuceoevtes 1.2 9 S 9.5 9 
Ce, |. q l4 13.5 


Weight of pigeons 350 to 400 gm, 


Similar results were obtained when the above experiment was repeated usi 
a more toxic filtrate given in 0.3 ¢.c. dosage. 

No marked decrease in toxicity or viability was observed after irradiat 
of toxin, toxin-leucoceyte suspension, or cultures of Clostridium welchii. Toy 
in the presence of sterile tissue, treated or not treated with x-rays, gradua 
loses its toxicity for pigeons. This loss of toxicity suggests that tissue n 
absorb toxin or contains some definite substances which when released ft 
tissue, either by means of x-rays or by disintegration, destroy toxin. In or 
to learn more about this action, an attempt was made to study the effect 
toxin of various substances that are present in tissue and that might be 


leased by x-rays 


Ih} 


ly 
@) 
l4 


hie 
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A 3 per cent solution of hydrogen peroxide and 2 per cent solutions of 
cystine and glutathione were mixed with toxin, allowed to stand at room 
temperature for six hours, and injected intramuscularly into pigeons weighing 
350 to 400 em. In one experiment mixtures of 0.6 c.c. of toxin and 1 ©¢.¢. each 
of hydrogen peroxide, cystine, and glutathione were injected. The pigeons 
that received the hydrogen peroxide and elutathione lived; those that received 
the eystine died in forty hours, and the controls died in eight hours. In an- 
other experiment pigeons were injected with mixtures of O.8 cc. of toxin 
and 0.2 ¢.e. of hydrogen peroxide, and 0.5 ¢.e. each of eystine and glutathione. 
The plzeous receiving the hvdrogen peroxide lived, those receiving the «\ stine 
died in thirteen hours, the glutathione in forty hours and the controls in seven 
hours. Three pigeons were injected with each of the toxin-chemical mixtures 
used’ in the above experiments, The results seem to indicate that certain 
‘hemical substances may play some part in detoxifving or altering toxin. 

An attempt was made to determine the suitability of rabbits in studying 
the effects of X-rays on eas eanerene. Mature animals, weighing 3.500 to 
1000 gm., and voung animals of 800 to 900 em. were used. No definite lesions 
or gas were produced in 4 mature rabbits injected intramuscularly with 0.5 ¢ ¢. 
of a twenty-four-hour culture of Clostridimm welehiu. Ina series of & voung 
rabbits (four to five weeks old) a small perforating necrotic lesion appeared 
in five days and gradually increased in size until the entire muscles of the 

igh were involved. The muscle tissue became sott, with some evidence of 
suppuration, and was gradually digested until the femur was exposed. There 


as no evidence of gas at any time. 


DISCUSSION 


Many investigators have found injurious or lethal effects produced on 
bacteria by x-rays, while others have failed to detect such effects. The results 
observed may be due to differences in the experimental conditions or to the 
nature of the organisms used. Lacassagne (1928) suggested that bacterial 

ensions may show extreme degrees of variation in resistance to radiation 
to some physiologic peculiarity. In our experiments we were not able 

ow that x-rays destroyed either the toxin or organisms, with an amount 

radiation equivalent to that used in treating infections in man. There 

possibility that we were attempting to destroy too great an amount of 

in proportion to the dosage of x-rays used, or that toxin is not destroyed 

rays. Further experiments are being conducted, using smaller amounts 
xin. 

‘here are substances present in tissue, such as cytochrome, glutathione, 

stine (present through oxidation of glutathione), which may be liberated 
mulated to increased activits by X-rays, These substances may destroy 
( er toxin, possibly through an oxidation process. The catalase present 
sue may be modified or destroyed by irradiation, and thereby permit 
ven peroxide to accumulate, with the result that the toxin is altered. 
vidence as vet is only fragmentary, but may help to explain the non- 


S] e effects of X-rays in the treatment of bacterial infections, 
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Desjardins (1935) believed that the destruction of infiltrating leucocytes, 
with the subsequent liberation of antibodies and other protective substances, 
plays a part in the rapid action of x-rays in curing certain acute and chronic 
infections. Although our preliminary experiments are not conclusive, we were 
able to show that leucocytes had little or no effect on toxin in the absence 
of living tissue. 

Cornell (1925) produced chronic infections in mature rabbits with Clostrid 
ium welch. Rabbits injected subcutaneously showed no marked symptoms 
local reactions, or the presence of gas. We obtained similar results in mature 
animals, but were able to produce extensive local lesions in young rabbits 


no gas was detected. There is a possibility that young rabbits may be o! 





value in studying acute Clostridium welchii infections. 


SUMMARY 
1. No marked decrease in toxicity or viability was observed after irradiat 
ing toxin or eultures of Clostridium welchii with soft x-rays. 
2. Considerable amounts of toxin may be absorbed or altered in the pres 
ence of sterile tissue. 
3. Certain substances, such as glutathione, hydrogen peroxide, and to a 
slight extent cystine, may play some part in detoxifying or altering toxin 


in tissue, 





4. Extensive local lesions were produced in young rabbits with pure cu 





tures of Clostridium welehi. 


The author acknowledges his appreciation to Dr. J. F. Kelly and Dr. D. A. Dowell, of t 
Department of Radiology, for their assistance in x-raying the materials. 
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THE ROLE OF THE UPPER GASTROINTESTINAL TRACT 


IN THE ETIOLOGY OF PERNICIOUS ANEMIA? 
AN EXPERIMENTAL Stupy IN Doas 
W. H. Bacuracu, B.S., ano S. J. Foceison, M.D., Cuicaq@o, Int. 


ETER reviewing the literature on the utilization of normal laboratory ani- 
A mals in assaving antipernicious anemia substances, we! concluded that 
no animal has as vet been found to exhibit a uniform or characteristic reaction 
to such substances. We then decided that the ideal laboratory assay for 
determining liver poteney would be attained only after production of experi- 
mental pernicious anemia. The objective of this report is to present our 


experimental results in attempting to produce this disease in dogs. 
RATIONALE FOR EXPERIMENTAL PROCEDURE 


Castle and his associates have developed the most widely accepted theory 
on the etiology of pernicious anemia. They have shown that in the patient 
with pernicious anemia there is a deficiency or absence of some factor essential 
to the formation of the thermostabile liver substance. This factor, apparently 
of enzymic nature, was first believed to originate only in the stomach. Other 
investigators have shown it to be also present in the duodenum. These obser- 
vations have explained the failure to produce pernicious anemia, not only 
after total gastrectomy, but also after exhaustion of the blood-forming pre- 
cursors in these animals by prolonged bleeding.® 

Dog liver has been shown to be effective in pernicious anemia,!®!* but 

mly one-fifth to one-fourth as potent as hog liver. Dog stomach? and dog 
trie juice’ are apparently inert. These findings suggest that the intrinsic 
tor is either not present in the dog or is produced elsewhere in the intes- 
tinal traet. If the dog has no intrinsic gastric factor, there must be some 
er way of synthesizing the thermostabile liver substance, because we have 

‘rved dogs on liver-free diets for over two years without the development 
6! pernicious anemia. Another possibility is that the amount of intrinsic 
rin the dog’s stomach is small and of relative unimportance as com- 
pared to the quantity present elsewhere in the upper intestinal tract. This 


lusion was the basis for our experiments. 
METHODS 


Mongrel dogs of both sexes were kept preoperatively on liberal general 
for two or three weeks. Under ether anesthetic the jejunum was tran- 
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sected 30 to 40 em. distal to the ligament of Treitz. The distal opening Was 
then immediately closed. The dissection was earried oralward until 30 em. 


of jejunum, the entire duodenum, ana the distal seven-elghths oft the stomach 


in 


j 
| 


| 
| 


























Fig. 2 Extent of gastrointestinal tract removed. 


were removed, care being taken to avoid trauma to the pancreas or imp: 


ment of its blood supply. The extent of the dissection and the portion of 








alimentary tract removed are shown in Fig. 1. In some of the dogs mor 
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the stomach was removed than is indicated in Fig. 2. The lesser pancreatic 
duet was divided between ligatures. The major pancreatic duct and the com- 
mon bile duet were then isolated and dissected free of the duodenum. Gastro- 
intestinal continuity was re-established by an end-to-side anastomosis of the 
end of the stomach to the side of the jejunum, leaving a freely mobile afferent 
loop into which the common bile and major pancreatic ducts were anastomosed, 
both having already been dissected away from the duodenum (Fig. 3). The 
dogs were then placed upon a liberal diet without liver. They have been 
exercised daily outdoors ana are Very active. 

Previous experiments have shown that normal values for red blood cells, 
hemoglobin, and hematocrit: varied considerably, not only in different dogs, 
but in the same animal at different times. We therefore established our 
normal values for dogs in our laboratory by repeated determinations on 31 
normal does, kept for several weeks on a stock diet Table OF The blood for 
these determinations was obtained by venepuncture and collected in heparin 


thes Red blood cell counts were determined by standardized pipettes ; 


Vy, TAH 


ot ; . 
Appearance after 
operation 


y 


oglobin by the Sahli method; cell volume was measured in thick-walled 

atocrit tubes of 1 mim. bore, after centrifugation at 1000 and 2,000 r.p.m. 

live minutes each.!! For convenience in the caleulation of our indices, 

took red blood cells of 7,060,000, hemoglobin 14.1 em. and hematoerit of 
represent 100 per cent. 

The secretion of hydrochloric acid was estimated by withdrawing a sample 

trie contents at one-half hour intervals, following introduction of 120 ¢.c. 

( per cent alcohol by stomach tube. The evastric response following the 

on of T mg. of histamine hydrochloride subcutaneously was measured 

same way. Gastric emptying time was studied under the fluoroscépe 

the dogs had been given a meal containing one pound of commercial 

( od, 100 «ee. of water, and 50 em. barium sulfate. Roentgenograms were 


at frequent intervals to determine any increase in size of the stomach. 
RESULTS 


ithin a few months postoperative the 7 dogs comprising this series were 


iguishable from normal animals. 
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B » ( _H OGLA AND HeMATocRIT DETERMINATIONS ON 31 NoRMAL Dogs 
Lanecieaen HEMATOCRI' 
ER CENT 
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Blood Pietures.—At no time did any of these 7 animals show a_ blo 
picture even suggestive of pernicious anemia. Detailed hematologic data 


each dow would serve no purpose. They all exhibited a postoperative s: 
ondary anemia from which all but one recovered. This one persisting case 
anemia, which is of eighteen months’ duration, can hardly be attributed 


reduction in gastric acidity, because gastric function in 4 of the remain 


animals has been equally impaired. Table I] summarizes the blood pietur 
each dog. The blood values in all these animals apparently showed great 
fluctuations than customary in animals subjected to other major abdom 
interference. Perhaps the instability of the blood regulatory mechanism n 
be secondary to the extensive surgical intervention. Reticuloevte counts 


; 


blood smears made at various intervals were essentially normal, 


Biopsies of femoral bone marrow shaft showed nothing microscopic: 
other than perhaps a moderate activity which was relatively insignificant 
compared with the hyperplasia seen in gastrectomized dogs, but not suggest 
to the slightest degree of pernicious anemia. The femoral bone marro\ 
Dog 123, sacrificed two vears postoperative, appeared grossly almost enti! 


fatty 
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PABLE II 


SUMMARY OF POSTOPERATIVE RED Bioop CELLS, HEMOGLOBIN, AND HEMATOCR 
ON Dogs 1N THis SERIES 
a » BLOOD CELLS HEMOGLOBIN saad ini 
MILLIONS GRAM 

1) 7.16 14.4] | 
L106 6.93 12.90 17 
115 O88 12.1 +] 
120 6.17 14.12 17 
1235 6.98 13.49 17 
127 i.éa 14.12 17 
145 7 235 15. 43 
Gastromtestinal Studies. K]noroseopic and roentevenoloeie stucies of the 


residual stomach seomelll showed a eradual Inerease 10 practically normal 
size; despite this 3 of the 7 animals in this series remained almost entirely 
‘hlorhydric to alcohol and histamine stimulation, as determined by our 
method of fractional analysis. Our recent study of 28 normal dogs showed 
an average of 40 clinical units of free acid for the peak secretion to alcohol 
and 90 clinical units to histamine. In over 300 fractional gastric analyses 
performed on normal dows, we have never found one refractory to stimu 
ation by alcohol. The three dows, Nos. 120. 127. and 123, eave no free acid 
response either to alcohol or to the subcutaneous injections of 1 me. histamine 

drochloride, which justifies our assumption that they are unable to secrete 
practically any acid. Table I[] compares the acid secretion of the 7 dogs to 
the average in 28 normal animals. Perhaps by Necheles and Scheman’s tech 

jue,’ small amounts of free hydrochloric acid might have been demonstrated 


constant aspiration. 


POSTOPERATIVE GASTRIC ACIDITY VALUES Co) STED TO NORMA 


Ton DOK DOG ron nay 1G DOG 
{ \I os 
Qi) LOG 11D 120 12 cae 145 
CA \l ) 

s { ».0) () } () () (} 
1() 17.5 10.0 {) () ‘) () () 
9 () () a) () 0) a) ‘) 
] () () 0 () () () () 

Respe e to Hista f 
0) »,( 97.) ‘) ) 2 () ( () 
&7 9 5 1? 5 4) () ‘) () {) 
424 () 50.0 () 0) ft) 0 0 
24 if) () () 0) 0 0) ) 


lhe emptying time of a standard meal was proportionate to the size of 
tomach. Those dogs with the greatest hypertrophy of the gastrie rem- 
Nos. 90, 106, 115, and 120, had en emptying time which approached 


tl, 
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The following are protocols of two dogs representative of the group: 


Dog No. 90.—Operated upon Sept. 20, 1955; weight 39 pounds. Following operat 


the red blood count was 4.7 Hh. 11.3 Om. On Mareh “3 19356, the acid secretion fifteer 


ninutes after 1 mg. histamine, was 50 clinical units free, 100 clinical units total. There 
no response to alcohol On April IS, the red count was 7.25, Hb. 13 OM. About one ve 
postoperative, Sept. 9, 1956, twenty-four hours after ingestion of 250 em. of dow food, 
esidue was found in the stomach; bile was present. Similar absence of residue oeeurr 
after this test in the remaining animals of the series. September 25, the dog passed bari 
sulfate in the stools four hours after its introduction by stomach tube. Beginning Novem 


Ll, a solution of liver extract equivalent to 15 gm, of fresh liver was given intravenousty 
five days. Neither this dog nor the others in the series showed any reticulocyte changes. O 


Feb. 20, 1937, fifteen months postoperative, the emptvinge time of the standard menl 
I I pir yine 


four hours, ten minutes (normal five-plus hours). On April 4, the response thirty n 
after subcutaneous histamine was 50 ¢linieal units free and 55 elinieal units total acid. T 
Price-Jones curve vielded a mean red cell diameter of 6.65 4 (lower normal). The slide she 
no evidence of anisocytosis, poikilocytosis, or polychromatophilia. A biopsy of the femo 
shaft bone marrow on Dee. 1, 19537, twenty-seven months postoperative, showed scatter 
areas of very slight activity. Weight at present 42 pounds. 


Dog No. 123. Operated upon Dee. 6, 1955: weight 25 pounds, Re overy Was surprisil 
rapid. The red cell count on December 11 was 4.58, Hb. 8.6 gm. Until one vear later t 
Was no gustric secretion to either aleohol or histamine. On December 24, 1956, the ast 


sumple showed 20 clinical units free and no combined acid thirty minutes after subcutane: 


injection of 1 mg. histamine. On Feb. 20, 1957, the standard meal had left the stomac] 


three hours and fifteen minutes. On \pril 5, the mean red cell diameter was 6.48 a, wl 


is slightly smaller than the normal. There was no anisocytosis, poikilocytosis, or p 


ber 4, the blood count showed 6.08 million red cells and 15.5 


chromatophilia. On Novem! 
hemoglobin. On Dec. 6, 1957, two vears after the operation, the dog was sacrificed, we 


) 


nS pounds, \utopsy showed about one fourth to one-third of the stomach present. "| 


choledochojejunal junction appeared anatomically reconstructed, with no dilatation of 


biliary passages. The femoral bone marrow was grossly and microscopically fatty. 


COM MEN'I 


4 


The failures of other investigators as well as ourselves to produce eXpel 
mental pernicious anemia, suggests utilization of an entirely different approa 
in solution of the problem. Theoretically we should have succeeded if Meule 
gracht’s hypothesis? is applicable to the dog. From his experiments on li 
tissues he has submitted the hypothesis that the intrinsic factor of Cast 
originates in the so-called ** pyloric gland organ,’’ which includes the pylot 
and cardiac glands of the stomach and Brunner’s glands in the small intest 
Operative procedures which remove this area should produce pernicious ane} 
experimentally. Acting upon this suggestion, Petri and co-workers” remo) 
the stomach and suprapapillary portion of the duodenum from dogs (in wh 
Brunner’s glands are said never to extend beyond the ampulla of Vate 
with negative results. In our dogs we removed gastric tissue well bevo 
the limits of the pyloric glands, as measured by Lim,* who also found t! 
the cardiac glands in dogs’ stomachs are relatively sparse. We assunu 
therefore, that we have removed practically the entire ‘‘pyloric gland orga! 

Pernicious anemia has not appeared in gastrectomized dogs who have : 

{ 12 report 


had extensive enterectomy and pancreatectomy.'* Schemensky’s 


+ 


the pernicious anemia properties of the hog colon would perhaps indicate 
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the entire gastrointestinal tract is active. These observations support the 
opinion that the loss of hemopoietic elements from the human subject in per- 


nicious anemia patients may be due to a disturbance or deficiency elsewhere 


in the body. Vitamin B deficiency studies reported by Miller and Rhoads,” 


and by Wills,'’’ appear most significant in this connection. Unfortunately, 


their work could not be confirmed by Wigodsky., Bussabarger, and Ivy."! 
SUMMARY 


Seven dogs were observed for a period of over two years following radical 
subtotal gastrectomy, complete duodenectomy, and partial jejunectomy. None 
of these animals have shown any evidence of pernicious anemia. The pyloric 
vland organ in the dog is not essential for maintenance of normal dog blood 
pictures, 
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STUDIES IN CONVULSANT THERAPY?* 


ll. Tite Rowe or ALKALINIZATION 


STANLEY ROCHELLE DEAN, M.D., Newrown, CONN. 


IN'TRODU CTION 


Hk past few vears have introduced a new era in the treatment of sehize 





phrenia, the full import of which still remains to be realized. Unlike th 





haphazard and multifarious methods that have been emploved SINCE antiquit: 


to ‘‘shock patients into reality,’’ concerted efforts are at last being made to vi 





the problem of irritative or shock therapy in the sober light of scientifie i 
vestigation. 

Sakel’s treatment with insulin shock and von Meduna’s treatment w 
metrazol convulsions are the two most important methods in vogue today, 
in both of these the reported results have thus far been comparable. Metra 
(pentamethylentetrazol), however, by virtue of its greater safety and eas« 
administration, has created widespread interest during the relatively short time 
that has elapsed sinee its introduction in this country. Because of its gro 
ing importance, it is essential to scrutinize this drug in the utmost detail, not 
alone from a clinical, but also from a more basie experimental point of vie 

For several months our investigations have been direeted toward various 
agents that might be synergistic, antagonistic, or neutral to the convulsant 
action of metrazol. The present report deals with the effeets of diet and 
alkaline state. 

Friedman,' in his earlier work in this country, stressed the importance 
thorough alkalinization and hydration as an adjunet to convulsant ther 
basing that procedure upon the fact that the alkaline state is tetanic or ¢ 
vulsive in itself and should, therefore, assist in the maintenance of an irritat 
background in the central nervous system; thus, theoretically, the convuls 
threshold would be lowered, less metrazol would be required to produc 
paroxysm, and the number of grand mal attacks would be materially increas 
He set the minimal fluid intake at two liters per day, and suggested the us‘ 

a high alkaline-ash diet supplemented by sufficient alkali drugs to maintain 
urinary reaction constantly blue to litmus paper. 

These principles are, of course, the converse of those utilized in the tr 
ment of epilepsy, ie., with ketogenie diets and dehydration, and, theoretic 
at least, appear to be sound. From a practical viewpoint, however, we found 
the procedure to be undesirable for the following reasons: 

1. High alkaline-ash diets are objectionable to patients and lmMpose an a a 
burden upon the hospital. 


*From the Fairfield State Hospital, Newtown. 
Received for publication, April 25, 1958 
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2 The simultaneous exhibition of two potent alterative agents (in this ease 
alkalosis and metrazol) makes it more difficult to evaluate results from a_sel- 
entific point of view than if one agent alone were used. 

3. Prolonged alkalinization may lead to alkalosis, with varying degrees of 
toxicity in susceptible individuals. Among the indicia described by Ellis,- 
Koehler Gatewood and his co-workers, and numerous others, as resulting from 
xcessive alkali ingestion, are headache, drowsiness, anorexia, nausea, vomiting, 
valgias, nervousness, mental depression, fatigue, faintness, irritability, vertigo, 
delirium, and tetany. 

It seemed to us, therefore, that it would be of decided value to determine 


st how necessary, if at all, was the role of alkalinization in convulsant therapy. 





PROCEDURI 


The deseription of metrazol, its mode of administration, and clinical effects 

e been the subjeet of another paper. Suffice it to state here that the routine 
course of treatment is condueted as follows: We heein with the rapid intravenous 
injection of 3 ee. of a 10 per eent solution of the drug, and if no convulsion 
oceurs, Increase the sueceedine doses Iyy increments of 1 ee. every other day 
until a erand mal seizure results. The econvulsant dose having been determined 
usually from 5 to 5 ©.e.), it is repeated at the next treatment, and then auto- 
matically increased by 0.5 ¢.e. at every third injection, as long as eonvulsions 
occur in an unbroken series; this dosage plan may be indicated numerically as 
ollows, beginning with the initial convulsant dose: 4-4-415-5-5-514-6-6-61- 
I. S-S, Cle. 


If, however, a petit mal reaction occurs at any point, the next dose should 


nereased by one cubie centimeter, bearing in mind the fact that the maxti- 


m dose of 15 e.e. must not be exceeded. Of course, it is not likely that this 
plan can be invariably followed without deviation in every ease ; but by adhering 
as rigidly as possible, it is often possible to keep a step in advance of the 
tient’s tolerance, so to speak, and thereby reduce petit mal reactions to a 
minimum. Then, too, it provides one with a crude yardstick for comparing 
ous situations; for although there is considerable individual variation in the 
response to metrazol, the use of a standard procedure in hundreds of injeetions 
results ina fairly constant ratio of grand mal to petit mal reactions. 
In the present instance our study comprised a total of 636 metrazol injee- 
of which the first 287 were given in conjunction with the alkaline regime, 
W as the remaining 349 were administered to patients who received an ordi- 
ni house diet without alkalies. lor the sake of convenience we may designate 
the first series, Group A; the second series, Group B. 
Che high alkaline-ash diet used in Group A was prepared from the follow- 
! eseription i 
d — - 
Protein (1.2 om. 
Fat 100.9 gm. 
Carbohydrate 303.8 gm, 
Total calories 2,403.0 
Exeess acid 14.6 
Excess base 100.5 


culated for us by Adelia Beeuwkes of the University Hospital, Ann Arbor, Mich. 














































supplemented by a palatable, effervescent citrate carbonate 


the two series. 


COMMENT AND CONCLUSIONS 


mal dose is exactly the same in either ease. 


since the dose in each series is practically the same. 


*Citrocarbonate (Upjohn). 
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The daily calorie intake, however, was not limited to the above basic requir 


ments, the patient being enceuraged to eat as much as he desired. The diet was 


amounts sufficient to keep the urine constantly alkaline to litmus paper. This 
alkaline regime was instituted a week before, and then continued throughout 
the entire course of metrazol therapy, a period of two to three months in duration 


Table | provides a comparison of some of the measurable observations i 


ALKALI) 287 ALKALI) 349 


TABLE | 
GROUP A 
INJECTIONS 
1. Ratio of grand mal to petit mal reactions 2.8:1.0 
». Average initial convulsant dose of metrazol t ee, 
Average dose required to produce the twentieth convulsion 9.7 ¢.c. 
t. Average duration of metrazol episode (injection to rest Ov see, 
ing stage) 
5. Average weight gain after sixty days of treatment 2.66 ke. 


This drop apparently indicates a slightly diminished reactivity of Group B 


at the late period selected ought to demonstrate convincingly 





preparation® in 


GROUP B Né 


INJECTIONS 





Although the observations recorded in Table | are almost self-explanatory 
it might be interesting to consider them in some detail. The ratio of grand ma! 
to petit mal reactions, whieh had been 2.8:1 throughout the first series of injec 
tions, dropped slightly to 2.5:1 a week after alkalinization and hydration wer 


discontinued, and remained constant at that level throughout the second series 


metrazol, but obviously not enough to be of any practical importance. 
Another observation of interest pertains to the initial convulsant dos‘ 

metrazol in each series. If alkalinization and hydration really lower the cor 

vulsive threshold, one should expect this dose to be correspondingly reduced 


Group A; vet the averages of several initial convulsions indicate that the mu 


Significant as these two elues may be, a more important consideration, 
our opinion, is the average dose required to produce the twentieth convulsi: 
this number being arbitrarily chosen as representing a late period in the metri 
regime. It is known that a patient’s tolerance to metrazol gradually incre: 
with successive injections, and that the effeetive amount of metrazol must, the 


fore, be correspondingly increased. Therefore, a comparison of average doses 


whether or 


alkalinization and the so-ealled ‘‘irritative backeround’’ are effeetive in red 


ing tolerance. Reference to Table I definitely indicates that they are Mm 


Does the alkaline state augment the duration and severity of the parox) 
The average duration of the metrazol episode is sixty-two seconds in Group \; 
sixty-five seconds in Group B; the very slight difference probably falls w 
the limits of error. Our clinical impression is that there is actually little or ‘no 
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difference in duration or intensity. True, there is evidence of increased neuro- 

ruseular irritabilits in Group A, for tapping certain areas sometimes produces 
marked museular twitching and jactitation; but this phenomenon seems to have 
no effeet upon the metrazol convulsion itself, 

It is interesting to note the greater weight gain in Group B. This is not 
ard to explain when one realizes the average patient’s aversion to the alkaline 
diet, and the facet that anorexia is itself svmptomatie of prolonged alkaliniza- 
tion. It is necessary to point out that this gain in weight is not limited to a 
sixtv-day period (arbitrarily selected for convenient comparison ), but may go 
on, in favorable cases, for several weeks or months after the course of metrazol 
has been completed. 

Thus far we have been dealing with measurable phenomena. Equally impor- 
tant to us, though harder to demonstrate to others, is our ¢linieal impression. 
All of us who have followed this investigation have been impressed with the ad- 
vantages both to the patient and the hospital of the alkaline-free regime. Con- 
sidering all these factors together, we must conelude that not only are alkaliniza- 


tion and hydration unnecessary, but definitely undesirable in convulsant therapy. 
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ABNORMAL UTERINE BLEEDING AS A SYMPTOM IN 
TYPHOID FEVER 


Ciartes P. Worrorp, M.D... CLeveLAND, Oro, AND DUNCAN G. Cauprer, M.D 
ANd FrerpINAND Ferrer, M.D... Puiapenriia, PA 


| HREE patients were admitted to the Philadelphia General Hospital wit 
i relatively short period ot time, each suffering with T\ phoid fever and sho 





l 


ing in addition sueh abnormalities of the menstrual evele that two of the thir 
were first assigned to the evnecologic wards. In fact, one of the patients wi 
thought to have had a septie abortion for several days until laboratory studi 
established the true diagnosis. This coincidence led us to investigate thy 
queney of abnormal uterine bleeding in association with typhoid fever 

There is brief mention of this sVInptom in the literature MeCrae! obset 
that menstruation usually ‘*ceases during the course of the disease, althoug 
the onset it is not uncommon for it to occur, often with a short interval sine 
preceding period.”” Tlowevér, he found uterine bleeding present in only 11 
iss women with typhoid fever, and then not in any profuse amounts. Oe 
sional EXCESSIVE uterine bleeding Was deseribed in the hemorrhagic tv yn 
tvphoid fever, fortunately a very rare form of the disease. Edwards? stat 
that ‘“‘menstruation often appears early at the onset of typhoid’? and that the 
is amenorrhea in some 60 per cent of cases. It is quite generally agre 
MeCrae,t Edwards,? and Hare*) that abortion or premature labor is very 
quent when pregnancy is complicated by typhoid fever. 

It is, of course, well known that various menstrual disorders are associat 


with many infectious diseases of both the aeute and ehronice types. Lows 


n view of the paucity of attention ealled to this symptom in typhoid fever, 


following case histories are briefly summarized : 


( : l. kK. C.. white female, aged Ze vears, The patient was nedmitted Sept 
1, 1957, to the gvnecologic wards with a history of nausea, vomiting, headache, malaise, 
eralized hes and pains, together with localized epigastric and lower abdominal pains, « 
back eighteen days. onstipation was present until the day before admission, when 
replaced by diarrhea. Uterine bleeding and a recently irregular menstrual evele ac 


for her admission to the gynecologic department. Her menses had begun at the 


12 years, were always regular, every twenty eight to thirty days, lasting three davs, 


a moderate flow and occasional cramps on the first day. Six weeks prior to 


July 15, her expected period began normally, but lasted six days instead of the 


three. \fter two days with no bleeding, the bleeding recurred and tasted another 
On August 15, another period began and lasted only two days. On August 28, fou 

Fro the Medical Service of Dr. Truman G. Schnabel, Philadelphia General H 
I’ ipl 
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re admission, metrorrhagia again appeared, associated with the passage of numerous 


s, some fairly large in. size. \ steady, small flow continued until her arrival at the 
fal. Systemic review, previous medical history, family history, and social history, 
led nothing of significance, save for one normal pregnancy several years ago. 
On physical examination the young woman did not appear acutely ill in spite of a 


erature of 104° FE. The pulse was 124. No rose spots were visible. The tongue was 


vily coated and the pharynx injected. Examination of the cardiovascular and respiratory 
no abnormalities. Pelvic examination showed slight uterine bleeding, a 
notie eervix and vaginal vault, and an external os which admitted one finger. The 
nexne were normal. The uterus was retroflexed, movable, but not increased in size nor 
tened in eo sistency, No other pertinent physical findings were noted, Uterine bleeding 
ped within a few hours after admission, only to recur four days later and last two 


The PUIISS! ‘ ol numerous clots. 


The true diagnosis was reached only after a week, during which time she had been 
ted with blood transfusions and other appropriate measures for a possible septie abor 
On the seventh dav after admission—the twenty-fifth day of her disease—she de 
ed rose spots, and the blood culture was reported positive for B. typhosus, 12 colonies 
ec, of blood. The Widal reaction showed an agglutination in a dilution of 1:640 
e Hf antigen, and 1:320 for the O antigen. It was negative for paratyphosus A and 
nd Brucella abortus. rhe leucocyte count was consistent with typhoid fever, 7,200 per 
on one occasion, and 8,700 per ¢. mm, on another, with a differential in the former 
S2 per cent neutrophiles, 12 per cent lymphocytes, 4 per cent monocytes, and 2 per 
basophiles, and a Schilling index of 40 and a multiple index of 640. 
She was transferred to the medical service of Dr. Truman G. Schnabel on September 
nd her subsequent eourse was uneventful. Her temperature became normal by Sep 
10 and remained so except for a brief elevation five days later when it reached 
During her hospitalization there was nothing further to indicate the possibility 
abortion, and it was obvious that this initial diagnosis was erroneous. She was 
ed fron the hospital on October 5, 1957. Just before het discharge, October 5, 
er menstrual period started. This lasted until October 17 and was associated with 
cramps, but no clots. The bleeding each day was more profuse than normal. Again 
November 10, a menstrual period began and lasted seven days, with moderate cramps. 


se she felt well since leaving the hospital. 


} 


( 2 \. (., negro female, 1S vears of age. The patient was admitted August 


37, to the medieal service of Dr. Truman G. Selinabel, with symptoms of only three 
ration, ni mely, headache, nausea, repeated vomiting, anorexin, and lower abdominal 
\ nonproductive cough was present. In the systemic review no further points were 
erest save her menstrual history. Her menses began when she was 14 years old. 
ere always regular, every thirty days, lasting two to four days. Her last period 
July 25, lasted three days and was normal in all respects. She had had one full 
egnancy, ending in delivery in February, 1936. 
sical examination on admission showed an acutely ill colored girl, with a tempera 
104 KF. and a pulse of 100. The breath was foul, the tongue was coated, and 
nsils and pharynx injected. Examination of the chest revealed some impairment to 
n in the left lower lobe, with slight suppression of breath sounds. The cardio 
system was normal. Abdominal palpation elicited eeneralized tenderness, and there 
derate distention and increased, high pitched peristalsis. Pelvic examination showed 
ount of uterine bleeding, of which the patient was unaware, and a cervix which 
erated from her previous pregnancy. The uterus was small and slightly anteverted. 
s elicited on manipulation of the cervix. 
e clinieal diagnosis of typhoid fever was confirmed by the laboratory three days 
lmission, with the report of a positive urine culture for B. typhosus, and further 
» 


tiated two days later by a positive blood culture for the same organism, 2 colonies 
































































rHeE JOURNAL OF LABORATORY AND CLINICAL MEDICINI 


per 3 ce. of blood. The Widal reaction, however, was never positive in a higher dilution 
in 1:160 in the O antigen, and was negative in the Hl antigen during her entire st 
n the hospital. 
Three days after admission, the sixth day of her disease, she began passing numero 
ots of blood from the vagina. This was thirty-two days after her last period. On Aug 


’S, more than S ounces of clotted blood were evacuated at one time. The clots were inter 


spersed with «a foul-smelling, reddish-brown vaginal discharge. All bleeding had stopper 
by September 2, ten days after admission. There was no subsequent bleeding while 

the wards. Her clinical course in the hospital was stormy, complicated by an acute suy 
purative parotitis, which required surgical intervention. She recovered satisfactorily ar 


was discharged in good eondition on October 29, 1957. 
\ follow-up examination on December 7, 1937, found the patient in good physi 


condition. She had gained over 15 pounds in weight and was symptom free, She stated, howev: 





that she had had no uterine bleeding since September 2, save for slight spotting for om 
hour on November 28, Pelvic examination failed to reveal any evidences of pregnan 


or gross abnormalities. 








CASE 5.—M. F., white female, aged 35 years. This patient’s illness was ushered 
by severe frontal headache and uterine bleeding seven days before admission to the gyn 
cologie wards of the hospital on October 11, 1957. She had been well until that time 
but on awakening on the morning of October 4, she had such a severe headache that s 
fainted on the way to the bathroom, Profuse uterine bleeding made its appearance almos 
immediately and continued for two days. There was no bleeding thereafter, even durit 


her entire hospital course. Diarrhea, anorexia, and oceasional vomiting were also exy. 


rienced during the week prior to admission. Her menses had begun at the age of 11 year 


were always regular every thirty days, lasting four to five days. After missing three perio 
she had a self-induced abortion in May, 1957, and had a totally irregular menstrual cy 
after that episode, characterized by occasional spotting, occurring every two to three da 
filling one pad, but with no normal flow. The patient had four living children and ty 
abortions, the last as mentioned above. No other points in the history were significant 

On admission the patient appeared acutely ill, with a temperature of 104.6° FY a 
i pulse oft SS, She had an intense headache, was sullen but cooperative. The tongue WwW 
heavily coated, the breath fetid, and the pharynx injected. The abdomen was slightly d 
tended, and peristalsis was hyperactive. Rose spots were scattered over the abdony 
Pelvie examination was negative. There was no uterine bleeding at that time. The 
mainder of the physical examination likewise revealed no pertinent findings, 

The blood count on admission showed: R.B.C. 4,780,000 per ¢. mm., Hb. 71 per « 
W.B.C. 6,700 per e. mm., neutrophiles 64 per cent, lymphocytes 2S per cent, monocytes 
S per cent, with a Schilling index of 4.5 and a multiple index of 68. Subsequent bli 
counts showed the same general picture, but with an increasing left shift. A blood eult 
on October 12 was positive for B. typhosus, 4 colonies per 3 ¢.e. of blood, and the Wi 
reaction was positive in a dilution of 1:320 for the O antigen and 1:160 for the H antig 
In spite of treatment, which consisted of blood transfusions, parenteral fluids, and ot 
appropriate measures, her subsequent course was a downhill one, complicated by bron 


pneumonia and pyelonephritis, and ended with her death on November 2, 1937. 


Post-mortem examination revealed myocardial degeneration, bronchopneumonia in 


right lower lobe with passive congestion and edema, and a spleen whieh was the seat 
diffuse hyperplasia. There was hyperplasia of the mesenteric lymph nodes. Nume : 
typhoid uleers were found in the ileum, ceeum, and colon. The liver showed fatty infiltrat 
and parenchymatous degeneration. The latter change was also present in the pane! 
There was lipoid depletion of the adrenals, as well as medullary degeneration. The kidneys 
showed bilateral pyelonephritis. There was also an ureteritis and hemorrhagic cystitis. 
The uterus was small, firm, and in normal position, The endometrium was slightly 1 
ened and bloody. No evidence of placental tissue was found on either gross or n 


scopic examination. 
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COMMENT AND SUMMARY 


Considering the fact that each of these three patients showed irregulari- 
ties of the menstrual evele during her illness, it seems appropriate to stress this 
symptom as one whieh may be found at the inception or during the course of 
typhoid fever. The irregularity was different in each ease. In one it took the 
orm of prolonged, excessive metrorrhagia, with the passage of numerous clots 
during the first and second weeks of her disease. In the second patient the 
symptoms were those of menorrhagia, together with a change in the character 


of the menstrual flow, which beeame foul-smelling, reddish-brown, and = ocea- 





sionally interspersed with clots. In the last ease the menstrual evele had been 
disrupted by an abortion five months previously, but her typhoid fever was 
ishered in by unusually profuse uterine bleeding. 
We believe that the excessive uterine bleeding in these patients was simply 
art of the disease, and that it does not represent the extremely rare hemor- 
wie TV pe ot t\ phoid fever mentioned yy Osler and MeCrae. Unfortunately, 
no bleeding or clotting times or platelet counts were done on these patients. 
The absenee of other hemorrhagic phenomena und the subsidence of the bleed- 
however, indicate that a blood dyserasia was not present. The importance 
the symptom les in the possibility of its confusing the diagnosis, as shown 
strikingly in the first case cited. This error might be avoided in similar in- 
stances if the possibility of menorrhagia and metrorrhagia in typhoid fever is 
kept in mind. It is our opinion that abnormal uterine bleeding in typhoid 
ver is encountered more frequently than the brief mention in the literature 
ould indieate. 
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A DISSECTING aneurysm usually begins as a tear through the inner layers 
( 


f a vessel wall, dissects between its lavers, and forms a longitudinal 





and circular cavity. It is, however, believed by some writers, namely, Tyson,! 






Babes and Mironescu.- Whitman and Stein.” and Krukenbere*? that a tear 





in the intima is not a necessary part in the formation of dissecting aneurysms 


They hold that it begins with a rupture of the vasa vasorum into a weakened 






media with the formation of a hematoma that splits the fibers of the media 






vers, therefore, believe that when a tear in the intima occurs, it is 


nm 
| hese obse} 





MOST likely secondary to the formation of the dissecting aneurysm. 





In almost all cases the vessel involved is the aorta, but dissecting aneu 





rysms can form in smaller arteries. This aneurysm may perforate to the 





exterior by tearing through its outer wall, or it may less frequently rupture 





back into the lumen of the vessel. In the latter case recovery may take place 





because of the formation of a canal lined by endothelium, through whieh tl 





blood will circulate. This latter result does not invariably prevent rupture 





to the exterior. It is, however, very important in the healing proeess ol 





dissecting aneurysms. It is aided by the fact that the canal passes throug] 





tissues that are well supplied with blood vessels, especially on the outer aspect 


which organization can take place. Very rarely the blood within the 





from 
aneurysm will organize, and the channel will be completely obliterated. 






Dissecting aneurysm is a relatively rare condition. Walker and Walke: 






found an incidence of one rupture in 2,500 necropsies, and Ames and Tow) 





send® found this eondition onee in 500 autopsies. Weiss‘ has found a ratio 





of 1:320 in adults. 





This disease is usually found in individuals above the age of 40, and the 





relative incidence increases with age. However, instances of rupture may 





occur at any age. Klotz and Simpson* collected 42 cases of spontaneous 
rupture of the aorta in individuals under 40. Of these, 2 cases occurred b 


were found between 11 and 20, 20 between 





tween the ages of 1 and 10, 7 
13 between 31 and 40. It is also quite interesting to note tl 





and 30, and 








it oceurs twice as often in males as in females. 





The intimal tear may be longitudinal, oblique, or angular, and in sor 





eases has been found to be multiple. It is often transverse and irregular, a 





measures from 1.5 em. to 2 em. in length. This tear in many eases lies abe 










1.5 em. above the aortie valve ring. In about 70 per cent of eases the inti 
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tear is in the ascending aorta. The remaining 30 per cent is found in the 
transverse and descending aorta, with more cases in the transverse portion. 
The dissecting plane is almost always between the middle and outer thirds 
of the media and involves approximately one-half to two-thirds of the entire 
circumference. The length of the sac varies from a few centimeters to almost 
the entire length of the aorta. 

In most cases death is due to secondary rupture of the aorta. Approxi 
mately 70 per cent of cases rupture into the pericardial sac, and the remainder 
rupture into the left pleural cavity, the mediastium, the right pleural cavity, 
the abdominal cavity, or the retroperitoneal tissue in that approximate order 
of frequeney. 

Since the first deseription ota dissecting aneurysm by Nicholls® 1h 1762. 
the pathogenesis of this condition has been in dispute Various theories have 
arisen Which may be classified under four headings, namely. mechanical, in 
flammatory, degenerative, and congenital. 

Wechanical.—Some authors, such as Bostrom! Busse.!! Oppenheim,'* and 
Samson,.’* believe that a definite external trauma can be frequently elicited 
iP history, 

Bostrom!’ maintains that a mechanical trauma is the only factor in the 
ormation of both the primary and secondary ruptures. Rindfleisch'™ claims 
that certain bands pass directly from the main pulmonary artery to the aorta 
an Iyy holding these together about 1 em. from the origin of the vessels, aided 
by the ligamentum arteriosum, one can determine the usual sites of the pri 
inary tears, 

It has been generally agreed upon by many observers that forces which 
use a sudden eardiovascular strain and increase in blood pressure will not 
jure the normal aorta. Many believe, however, that such forces may cause 

formation of a dissecting aneurysm in persons having congenital cardio 
scular anomalies.!”'® Oppenheim'!? observed that rupture of the aorta will 

occur until a pressure of approximately 3.000 num. of mercury is reached. 


is is about twenty times that of the normal pressure. 
Samson! states that traumatic aneurysms are practically all dissecting. 
believes that this type is on the increase because of the more frequent 
mber of industrial and automobile accidents and that they are formed at 
time of the aceident or immediately following it. The intimal tear ts 


ited at or near the attachment of the obliterated ductus botalli, or just 


ve the aortie valves on the posterior part of the wall of the aorta. Sam- 


argues further that traumatic dissecting aneurysms may occur in a 
thy aorta, providing the causative force is severe enough and, that, under 
tain conditions the healthy aorta may be torn completely across. 

Weiss’ claims that the majority of traumatic ruptures of the aorta are 
the dissecting type, but that the sudden and severe external force exerted 
the noneompressible column of blood will cause a complete tear of the 
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Shennan!’ is in agreement with this latter view, that an external force 
causes complete rupture of the aorta. He does not agree that mechanical 
injuries, whether external or internal, are very important factors. He does 
believe, however. that a sudden increase of blood pressure, usually caused by 
a physical or mental strain, is important only when there is disease of the 
vessel wall. Far more important to this observer'> than the increase of the 
systolic pressure is the abrupt diastolic recoil. In most of Shennan’s cases 


hypertension associated with an hypertrophied left ventricle was present, but 


n about one-fifth of the reported cases no hypertension was noted. 


Inflammatory.—Rokitansky'® appears to be the first to have considered 





the inflammatory theory. He stated that in one form of dissecting aneurysm 
the adventitia is easily separated from the media as a thiek, vascular layer 
in a state of chronic inflammation. However, later authors who think that 
Inflammation is a causal factor in dissecting aneurysms believe that it is the 
media that is involved. To Koéster?° is usually given the credit for the inflam 
matory theory. Ilis view is that a mesarteritis extends from the adventitia 
along the vasa vasorum and that this causes fibrosis and destruction of the 
muscularis and elastica. This weakens the media and allows for rupture whe! 
the blood pressure is raised. 

Babes and Mironescu? have described degenerative changes with infiltrat 
ing cells and with new vessels which, by rupture, will form small hemorrhages 
in the media. These, therefore, do not arise from the lumen of the artery 
To this process they have given the name of ‘‘dissectine aortitis.”’ The find 
ines have been corroborated by Krukenberg! 
21-23 


Tyson,’ Whitman and Stein, 
and others. These observers, therefore, concluded that a dissecting aneu 
rvsm may form in the absence of a tear of the intima. 

Certain specific diseases, such as syphilis and rheumatie fever, have occa 
sionally been considered as being important in the causation of dissecting 
aneurysm. Syphilis, however, does not appear to be a factor in their pro 
duction. Klotz and Simpson* state that the very nature of the syvphilitix 
process with its gumma and fibrosis does not allow for dissection. In fact 
they believe that the granulomatous inflammatory invasion of the arterial wa 
will tend to hold the neighboring laminae more closely together, so that the 
wall may be less readily split into its anatomic layers than normally. 

Shennan!’ claims that there is some resemblance of the medial and ad 
ventitial reactive changes to those described in rheumatie aortitis. It, ther 
fore, seems possible to him that in this disease, degenerative atrophic and acut: 
necrotic changes may be produced in the media which are similar to thos 
caused by other toxins. 


Degenerative —According to Virchow and a number of other pathol 
gists,-* =" dissecting aneurysm was thought to be formed by the dissection o 
blood through the base of an atheromatous ulcer or its border into the lave 
between the media and intima or between the media and adventitia. This 
probably true for a small number of cases, but it is in the ascending aort 
where the aorta is relatively immune to arteriosclerosis, that most primal 


tuptures are found. 
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Peacock" believed that degenerative changes in the aortic wall were im- 
portant, especially when they involved the media. The importance of micro- 
scopie interruptions or ‘‘faults’? in the media was emphasized by Shennan 
and Pirie.!S These were associated with atrophie changes, partial or com- 
plete disappearance of muscle fibers in large areas of the media, and degenera- 
tive changes in the connective tissue and elastica. These findings were also 
noted by Moriani.** 

Gsell?> found that the media had undergone noninflammatory necroses 
in his cases. He thoueht that these lesions were similar to those described 


by Wiesel’? who had observed peculiar focal necroses in the vessel walls of 





young individuals dying from acute infections. 

Erdheim,’ in his study of dissecting aneurysms, found lesions in the 
aorta which were similar to those described by Gsell. Ile observed small areas 
of necrosis and peculiar hyvalinized vacuoles in the media beyond the region 
of the rupture. The elastic, muscular, and connective tissue elements were 
involved. No inflammatory reaction and no reparative process were noted. 
These necroses were most numerous in the outer two-thirds of the media. This 

tire destructive process in the media caused necrosis of the cellular ele- 
ments, and this disintegrated material was absorbed without local tissue reac 
tion. These areas were then filled with an albuminous fluid, which then formed 
the picture of peculiar evstic spaces between elastic fibers. This author felt 
that the process of necrosis and that of mucoid degeneration were different. 
This peculiar medial degeneration was also found more frequently in older 

lividuals, aside from those cases having dissecting aneurysms. It was either 
diffuse or patchy. As to the etiology of these changes, Erdheim is unable to 
say, but he believed that the action of toxins is highly important. Klotz and 
Simpson® and Moritz*! in later studies have found changes in the aorta similar 

those described by Erdheim. 

Congenitai.—Many cases of dissecting aneurysm in young persons have 
S congenital changes in the aorta.’ '® The most important are coareta- 
tion and dilatation of the aorta, with thinning of the wall. Other congenital 

rs are a thymicolymphatic constitution, with aortic and ecardiae hypo- 


)) 1 and aortie stenosis. 


lhe two cases here reported show changes in the media of the aorta 


SI ir to those deseribed by Erdheim. 
l. \. D., a colored male, aged 23 years, Was admitted to the hospital on April 
< , With complaints of cough, pain in the right side, difficulty in breathing, and swelling 
egs. The patient stated that he had had gonorrhea, and ‘‘pimples’’ on the meatus 
irethra of three weeks’ duration about a year and a half previously. He denied 
chancre. He had pneumonia in January, 1933, and was confined to bed for nineteen 
fer which the least exertion produced dyspnea. The following month he was forced 
to » bed again because of dyspnea, cough, and edema of the lower extremities, and severe 
pair the right side of the abdomen. Subsequent to the attack of pneumonia and the 


the patient never regained his former health, spending most of his time in bed. 
vsical examination revealed a fairly well developed and nourished colored male, with 
the entire body, who appeared critically ill. (Ascites also appeared to be present. 


was of the asthenic type and breathing was labored. The lungs showed impairment 
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of resonance at right base posteriorly. In both bases posteriorly, crepitant and subcrepitant 


rales were heard. The heart was markedly enlarged. The right border was one inch to the 


right of the sternal margin in fourth right interspace and the left margin extended out té 


; 


he left axillary line. There was an intense thrill during diastole which was felt over thi 
entire precordium. A loud high pitehed diastolic murmur was heard over the entire precordial 
area. The pulmonic second sound was extremely loud and had a metallic quality. The blood 


pressure was 140/40. The Wassermann reaction was negative. The urinalysis showed 


moderate amount of albumin and a few hyaline and granular easts. The patient died short] 


after admission. 





lutopsy: The body was that of a well-developed well-nourished negro male. The ski 





was smooth and tense, due to the edematous condition of entire body. The pupils measure 
t mm. and were equal. No penile scars were noted. The pleural cavities contained approx 


nately one liter of blood-tinged fluid. The left lung was adherent to the diaphragm below 

















Fig. 1 Photograph showing dissecting aortic aneurysm presenting the following det 
1, Area selected for histologic section, upper portion of which contains all three layer 
iortic wall and lower portion which contains only adventitia and part of media (see Fig 
B, Dotted line represents course of tear which involved almost entire circumference of ve 
C, Probe indicating minute intimal depression and tear which permitted blood to extra, 
from aorta into aortic wall, with subsequent splitting of media into two separate portions ) 
Aneurysmal dilatation, wall of which consists of adventitia, outer portion of media and ne 
formed connective tissue replacing intima and greater part of media, FE, Strips consistin 


intima and inner portion of media forming typical » a These structures connect the u 


normal portion of aorta with the lower retracted portion “H.” F, Probe inserted in sn 
mm, tear in adventitia and outer part of media, It is at this point that hemmorrhage took ] 
into the pericardial cavity. G, Tubing inserted to show normal passage from left vent 
through aortic valve and conical structure “H” into aneurysmal dilatation “D.” H, Cor 
projection, 2 ecm. in height and 1.5 em. in diameter, consisting of intima and inner portic 


media attached to aortic ring below, only remaining part of proximal portion of aort 
dilated. J, Left ventricular cavity. 


The right lung showed numerous adhesions to the ribs anteriorly. On section both lungs 


were markedly congested. The liver weighed 1,860 gm. The cut surface had a typical 
‘*nutmeg’’ appearance. The spleen weighed 250 gm. and revealed marked congestion. | he 





intestines, stomach, pancreas, adrenals, and kidneys showed considerable congestio1 
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The pericardial sae was greatly distended and filled a good portion of the left chest 


ivitv. On opening the sae, 70 e«.e. of clotted blood was found, 


The heart had a marked increase in the amount of subepicardial fat and weighed 250 


The pulmonic valve mensured 6 em... the mitral valve 10 em., and the tricuspid valve 12 


The sortie valve was not opened in order that the relationship of the pericardial hemor 
ave to this aren might be studied. The left ventricular wall measured 1.5 em., and the 
eht measured 0.5 em. 

lorta: Externally for a distance of 5 em, the proximal portion of the ascending aorta 


peared dilated. Upon opening this dilated structure it was found that the vessel 





all in this area had been broken by a dissecting aneurysm. Apparently the primary 

ak had its beginning as indicated by C shown in Fig. 1. This opening led into the media, 
but did not penetrate through the aortic wall, It was through this small aperture that blood 
from the aorta proper infiltrated between the medial layers dissecting toward the adventitia 
nd left the greater part of the elastic sructure to the luminal side of the vessel. Blood, 

dently, traversed the wall, and the entire conical protrusion at H was torn loose, with the 
exception of the two strips in an X-line arrangement, which continued intact. An almost 


plete circular tear, therefore, involving the intima and a portion of the media occurred 
t = 


t this primary injury. This break apparently weakened the vessel at this point, with a 


esultant bulging or aneurysmal formation of the remaining unbroken portion of media and 

















Kig. 2,—Section of area A shown in Fig. 1 (low power): J, Point at which primary tear 
dissection took place. The inner media and intima were torn loose at this place to form the 
nelike protrusion H described in Fig. 1. K, Shows normal intact intima. L, Showing appear- 
nce of media a short distance distal to tear. VW, Adventitia. W’, Adventitia. N, Shows 
ked proliferation of newly formed edematous connective tissue lying upon remaining portion 
edia. This newly formed connectiv2 tissue constituted the inner lining of the dissecting 
aneurysm. O, Outer portion of media forming a dark line, extending through section and con- 
t is with outer portion of “L.” 


ntitia. This bulging did not include the aortic ring which remained intact within certain 

| ns of the inner aortic coats (intima and part of media). From the aortic ring these 
protruded upward into the dilated aorta for a distance of 2 em. in a conical form. From 
nds of this conelike protrusion, the two stripped portions of the aortic wall connected 
X form with the unbroken aorta above, as shown by F (Fig. 1). A careful examina 
or & possible rupture of the remaining outer portion of vessel wall was made, and a 
8 inear tear, 0.5 em. in length, was found as indicated by F. It was at this point that 
hage took place into the pericardial cavity, causing the sudden death of the patient. 

\ further examination of the aorta, extending from the distal portion of the aneurysmal 

tion down to and ineluding the bifurcation of iliacs, showed only an occasional yellowish 
ele 1 area. These lesions were located especially in the thoracic aorta near the openings of 


tereostal arteries, 


\SE 2.—This specimen of a dissecting aneurysm was received by us through the courtesy 
ait ot J. E. Robinson of Temple, Texas. A. F., a white male, 56 vears of age, was admitted 
to ospital with a history of a tearing pain in the chest. This occurred immediately fol- 


ne : : ; 
10W a meal, and he gradually went into shock. He was treated with morphine for his 
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pain but died suddenly, twelve hours after his admission. His blood Wassermann was negative, 


and his past history reverted that he suffered from **rheumatism’*’ and **stomach trouble’ 


for a number 


lutopsu: The body was that of a well-developed and well-nourished white male, weig! 


210 pound measuring GL inches in length. The heart was surrounded by a Int 

















degeneration with some evidence 
formation. 














High power view showing cystic area and spaces between elastic fibers containi: 
mucinlike substance. Considerable destruction of elastic lamellae is also present. 


f ount of freshly clotted blood. The heart Wis enlarged and weighed ho om. A moc 


amount of fat was present in the subepicardium. The valves were essentially normal. 


left ventricular wall measured 2.2 em. in width. The myocardium was firm, reddish br 


in color, and showed no areas of fibrosis. The coronary arteries were patent and showe 


asional yellow atheromatous plaque. 
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lorta: \ transverse tear, 3 em. long, Was noted through the intima and media about 
cm. above the aortic valves The edges of the tear were sharp and a dissecting aneurysm 


began here and undermined its wav for about 7 em. above the tear and downward into the 


rieardial “LVITS through ao lacernution, O.7 em. in leneth. 
Vicroscopic Findings: The | istopathologic findings were similar in both eases and will 
e deseribed together. In Case 1, the lesions were most pronounced in the aseending aorta 


ile in Case 2, thev were seen throughout the vessel. 


The intima in Case | in the 


egion of the tear was normal. The aneurvsmal wall showed 


wly formed connective tissue (Fig. 2), which replaced the original intima and inner media. 





e intima in Case 2 near the tear showed a slight increase in the subendothelial connective 
ssue but otherwise the changes were minimal. 

The most characteristic lesion consisted of pateliy or diffuse necroses in the media. 
ese were found distributed in a general manner, but were most comn only seen in the region 
the junction of the middle and outer thirds of the media. No exudative reaction was seen 
the neigl borhood of these necrotic areas, but some defects were seen undergoing repair by 

eht fibroblastic proliferation (Fig 

The muscle fibers and elastie laminae were involved in this process, but the destruction of 
former structures was more marked. The muscle fibers showed altered nuclei, fragments 
lei, or had undergone complete dissolution, Clefts or cysts filled with a mucinlike 
erinl were, there fore, seen between elastic fibers Kio. Ph; Generally this mucinlike sub 
nee could occasionally be seen between the muscle and elastie fibers without cystie forma 


With the increase of this mueinlike material there was a decrease in the number of 


rlamellar muscle and connective tissue cells. At times the elastie fibers were damaged, as 
enced by fragmentation, irregular thickenings, and loss of normal staining reaction. 


Occasionally these were completely destroyed. No unusual fatty changes could be seen in the 


ittle compensatory adventitial thickening was noted in either case. The vasa 


orum in Case 2 showed occasional moderate intimal proliferation, without perivascular 


DISCUSSION 


In both cases there were lesions in the media of aorta, especially in the 
ion of the rupture, which were thought to be responsible for the tear in 
weakened wall. 
The microscopic changes in the media noted in these cases are similar to 
se described by Gsell and Erdheim. This consists of a peculiar degenera- 
of the media not associated with a significant intimal or inflammatory 
tion. With the degeneration of musele, connective tissue, and occasional 
tic fibers, eystic areas were formed filled with a mucinlike substance. The 
ial necrosis was most marked in the region of rupture, but was also seen 
ther parts of the aorta. 
The frequency of tear in the first portion of the aorta is probably due 
e medial degeneration which oceurs with the greatest intensity in this 
nm. With age, there is a tendeney for the lesion to become more widely 
‘ il throughout the aorta, and it has been suggested by Moritz®! that the 
ise is involutional in character. 
No definite evidence has been given as to the manner in which the medial 


ses occur. Most observers agree that these lesions do not arise because 


of .e disturbance of nutrition due to disease of the vasa vasorum. It appears 
n likely that these degenerations are due to the action of toxins. These 
T 


OS us may be bacterial, exogenous, such as nicotine or adrenalin, or meta- 
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likelihood that certain dietary deficiencies may be 


reo mtiohn of this lesion 


SUMMARY 


sof cissec tine ai eCurystn are reported. 
aorta bb ear }) ease si owed evstie NeCLrOSIS ol media. without evidence 


nmatlon., 


It is beheved that these ch we in the media were the underlying process 


the formation of the dissecting aneurvsms. 


TI e etiology ror this deveneration remains obscure. but dhetars defieren 


cies coupled wit] le aet of toxins may be important factors. 
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L STANDARDIZED PROCEDURE FOR THE STUDY OF COAGULATION 
REACTIONS (IN VITRO 


Joun I. Fera . 


( >" ING lo pLule rly ol knowledeor concerning the exael porta. sicochemica | ha 
ture of the reneents, cutis mvestl ation Ol conueulatlon reactions IS unduly 


4 


lependent upon the particular set of conditions under whieh the individual ex 
erimenter Operates, Indeed, his results can often be evaluated only I a full 
onsideration of the limitations lposed PA these co rons The particular 
dvantages ¢laimed for a standardized procedure are (1) control of known 


. ° 


2) a point of departure for the study of physicochemical factors, 


ariables, 
temperature, pll, dilution, ete.. and (8) a sufficient uniformity of the in 
idual reagents to attempt to relate each of them quantitatively to the coagu- 
tion time of the test svstems Several vears’ experience with a variety of 
niques has resulted in the elaboration of the following methods, herewith 
mined for the deerce to which they rey ‘lan to serve as a standardized 


wedure for a biochemical approach To coag lation problems 
EXPERIMENTAL TECIINIQUI 


Coll-Free (Platelet-Free) Plasma.—A medium-sized, preferably fasting, dog 
nesthetized by intraperitoneal barbiturate (e.e., 0.7 ¢.e. per ke. of 5 per cent 
tobarbital sodium The animal. ot COUPSe, iS to he sacrificed. Blood is 
ected, with negligible tissue damage, via a paraffined cannula in the femoral 
rv, the first few cubie centimeters being discarded and the remainder re 
ed into one-tenth volume of isotonie (3.8 per cent trisodium citrate in 
iffined centrifuge bottles (250 ¢.¢. capacity). Preliminary centrifugalization 
ls a turbid plasma containing platelets, some white cells, and usually a trace 


ed cells. More rapid and prolonged recentrifugalization in tubes (50 ee. 


elty) gives a elear plasma, with a certain opalescence varying with the 


lipemia. In order to remove all traces of platelets, ete., it is 
itv of Michigan, Ann 


for publication, May 
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recommended that the twice-centrifugalized plasma be submitted to rapid filtra 
tion through a Berkefeld (V), or similar, filter. The filtrate is chilled) and 
kept in the icebox. 

Prothrombin.—Fresh Berketeld-filtered plasma is defibrinated by warming 
eautiously in water bath to 549°-56° C. for two minutes, and then filtering 
through coarse filter paper. Prothrombin papers are prepared from 5 ¢.¢. quan 
tities of the filtrate by the acetone method of Howell.":'® The method consists 
simply in precipitation with an equal volume of acetone, immediate collection of 
the precipitate on a filter paper in a Biichner funnel, rapidly washing with 
about 20 e.¢. of ether, and drying as quickly as possible in an air current 
jet or fan). The dry papers may be kept indefinitely and a_ sufficient 
supply may be made from a single animal to last for weeks or months. Pro 
thrombin solutions of desired streneth are prepared by macerating the eut-up 
papers for several hours with a suitable volume of distilled water containing a 
lrop or two of 0.5 per cent sodium bicarbonate, and subsequently filterime 

Prothrombin-Poor Plasma—Doth the magnesium hydroxide? and alu 
minum hvdroxide® adsorption methods have proved efficacious in our eX PeLrlence ; 
and the following technique is selected from a number of empirical variations 
tested. One hundred cubie centimeters of 10 per cent aluminum chloride ar 
precipitated with one-half volume of 5 per cent ammonia. The precipitate is 
removed by centrifugalization and resuspended in distilled water. Some three 
to five repetitions of the washing and recentrifugalization are necessary befor 
the preparation is sufficiently free from traces of ammonia. About 50 ¢.c. of 
distilled water are used to make the final suspension of *‘alumina gel.’> When 
shaken with 100 to 120 ¢.¢. of Berkefeld plasma at intervals during a two-hou 
period at icebox temperature, complete, or, more often, nearly complete, ad 
sorption of the prothrombin is effected without serious loss of fibrinogen, Hie! 
speed centrifugalization is preferred for recovery of the plasma, although slow 
filtration through coarse filter paper is often satisfactory. It is important to 
restore the pH of the recovered plasma to approximately 7.5 by adding N | 
hydrochloric acid, drop by drop, with continuous stirring, until a test sampl 
vives the correct color (orange pink) with phenol red indicator. 

Prothrombin-Free Fibrinogen.—The fibrinogen is precipitated from the ad 
sorbed plasma by treatment with one-third volume of cold saturated ammoniun 
sulfate, the precipitate being recovered by centrifugalization and redissolved j 
distilled water, or 0.9 per cent sodium chloride, with the addition of sufficie 
dilute alkali (sodium bicarbonate) to restore to pH 7.5 (phenol red indicator 
It is advisable to filter at this stage and then to repeat the ‘‘salting out’’ once o 
twice. The fibrinogen solution is the one reagent which must be prepare: 
freshly, since no satisfactory method is known for keeping it in stable form.* Th: 
present preparation seldom fails to give a solution (about one-half to thre« 


fourths of the original plasma volume) which is sufficiently stable at icebo 


temperatures for several days. 


*\ method based on high-vacuum desiccation at low temperatures is at present ur 
investigation. 





FERGUSON : STUDY OF COAGULATION REACTIONS (IN) VITRO 


Cephalin.—The following method of preparing pure cephalin from brain 
tissue embodies the original technique of Thudichum®® and the steps to insure 
the absence of nonamino nitrogen devised by Levene and Rolf.'" Freshly hashed 
brain (hog, ealf, sheep), freed, of course, from pia mater, ete., is not dried, 
but directly extracted with three lots of 95 per cent aleohol followed by two lots 
of ether. The aleohol and ether extracts are concentrated separately (vacuum 
distillation—filter pump) and the **protagons’’ removed from the cooled con- 
centrates before mixing. The mixed concentrates are further evaporated to a 
viscid watery magma. This is extracted three times with acetone and once with 
cold absolute alcohol. The residue is exhausted with ether, and the cephalin 


npreeipitated from ethereal solution with cold absolute aleohol. This is repeated 


OF EXPERIMENTALLY PREPARED REAGENTS 


OF PREPARATION, 38° Cy Prorocol 


OTTING TIMI 


low blood 2 min. 


I’resh « 
’. Twice centrifuged citrate plasma ‘ $f min. 
Twice centrifuged citrate plasma ‘ ephalin 3 min. 
Berkefeld (V) filtered plasma (2 ‘ % min. 
Berkefeld (VM) filtered plasma (2 cephalin 1} min. 
Mg( OHH), adsorbed plasma (4 Ca No ¢lot 
Mg( OH), adsorbed plasma (4 Cn ephalin 1 min. 
Fibrinogen from (6 first precipitation with (NIL,).SO, ‘ No clot 
Fibrinogen from (6) (first precipitation with (NH,).SO, ‘ cephalin 1} hrs. 
Fibrinogen fron s second precipitation with (NH,).SO, ' No elot 
Fibrinogen from (S second precipitation with (NHL, ).SO, % cephalin Trace 

(18 hrs. 

Fibrinogen from (10 third precipitation with (NH,),SO, ‘ No clot 
Fibrinogen from (10) (third precipitation with (NH,),SO,) y cephalin No elot 
Prothrombin-free fibrinogen (1: prothrombin cephalin No ¢lot 
Prothrombin-free fibrinogen (1: prothrombin cephalin Ca Si min. 
Prothrombin-free fibrinogen y (5 min, prothrombin-cephalin-Ca 30 see, 
Prothrombin-free fibrinogen y (10 min. prothrombin-Ca 10 min. 
B.e.t fibrinogen (12) 5 min. b.e.t prothrombin cephalin Ca 15 see, 
B.e. fibrinogen (12) 10 min. b.e. prothrombin-Ca ) No clot 

Reagents added simultaneously (see text, under Dilution effect). other thrombi« 

were incubated for the times shown. 
b.t benzene extracted 


or four times until the ethereal solution remains perfectly clear after over- 
t cooling to 0° C., denoting freedom from cerebrosides. The final aleoholie 
osit is a snowy-white material, which has been kept under absolute alcohol 
two years without undergoing oxidation or detectable loss in coagulative 
tion. Cephalin solutions are prepared by evaporating 5 to 10 ¢.¢. of the 
olic suspension in a tared flask. An air jet has proved more convenient 
the water bath. By adding the same number of eubie centimeters of dis- 


| water as there are milligrams of dried cephalin, a convenient 1:1000 stock 


ion is obtained. Other dilutions maye be made up as required. Aqueous 


‘lin solutions should be freshly prepared for all quantitative tests. 

Routine Control Tests— 1. One eubie centimeter of fibrinogen ineubated 
0.25 «ec. each of 1:1000 cephalin and N/10 ealeium chloride should give 
ace of clot in twenty-four hours (38° C.), indicating complete absence of 


rombin. 


























rik JOURNAL OF LABORATORY AND CLINICAI VILEDICINI 


2 Kaeh bateh of cephalhn solution should be tested with ecaleium salt and 


prothrombin-free fibrinogen. We have never observed any coagulant powe) 
attributable to the cephalin per se. 


> 


4. Fibrinogen should not be coagulated by any prothrombin preparation, 
with or without added e phalin, in the absence of added ealeium salts. 

The data in the aecompanying protocol (Table 1) show the modifications 
t] 


ot the eoaeul: tion reactions at each Stave in the experimental procedures, 





Thrombin Formation Tests——Various mixtures of prothrombin, cephalin, 
and caleium, together with any other agent (e.g., heparin) it is desired to test, 
are mixed and held at a chosen temperature (e.g, 20° CL. v. infra), and 0.5 e.e 


] ] r + 


Samples are removect ntervals Each sample is added to 1 ©«.c. of pro 





thrombin-free fibrinogen in a 10 mm. diameter Wassermann tube in a suitabl 


rack, maintained at 838° € thermostatically-controlled water bath), and the 
clotting time (C.T.) noted. Clotting time plotted against the age of the thrombie 
mixture (timed from the addition of the ealeium salt) gives the activation curr 
for the particular thrombic mixture under investigation. If the same pro 
thrombin and fibrinogen preparations (known to be stable—v. infra) are used 
throughout, the character of the activation curve is a funetion of (a) the eor 


trolled 1| ysieal eonditions and (b) the amounts of the other reagents used 
DISCUSSION 


lt is immediately obvious from the data in the accompanying tables that 
thrombic activity, as indicated by clotting time, is not a fixed property of am 
given thrombie mixture, but rather a dynamie process which must be evaluated 
with reference to the sequence of change. Unless the particular point in th 
series of values can be specified on exact experimental erounds, no significance 
can attach to the use of clotting time as a measure of thrombie activity. It b 
comes necessary, therefore, to determine the conditions under which the activa 
tion eurve ma he regarded as standardized 

The first consideration relates to the purity and stability of the reagent 
used. The second factor is the set of physico-chemical conditions, including 
for instanee, pII, temperature, and dilution variables. The present communic 
tion represents a critical examination of these technical problems with a view 
proceeding ultimately to an examination of the third variable, viz., quantitati 
differences relating to each of the specific factors involved. 

Purity of Reagents—The ionizable calcium salt® * *? and the cephalin ai 
chemically pure. Our phospholipid was free from traces of choline and 
alvzed, almost exactly, N:P::1:1, all the N being in NH, form. Its ealeiu 
compound?’ did not precipitate, but remained in colloidal solution, with the : 
eompanying acid shift in pH readily demonstrated by bromthymol blue 
dicator. 

Prothrombin (fibrinogen-free) is, unavoidably, a erude protein (or its d 
radation products), undoubtedly of plasma origin. In an experience includ 


over fift, preparations we have on only one occasion (and that to a very sli: 


We re indebted to Dr. Quick of Marquette University for a supply of his crude bt 


tract (“thromboplastin’™) On simple recalcification it clotted prothrombin-free fibrinog: 
ibout seven minute howir inadequate purification from coagulant precursors. 




















FERGUSON STUDY COAGULATION REACTIONS (IN VITRO it 





| 





extent) observed any ‘‘spontaneous’ Le., unexplained activation. It may be 


coneluded that added ealeium is essential for its conversion into thrombin. The 


anomalous data in the literature need searching re-investigation of this 
point. Owine to such ‘spontaneous > activation, doubt attaches to the elaims of 
Howell and his pupils (op. cit.) that prothrombin may be converted into 


thrombin Iy such agents as aleohol, chloroform, ete., a findine Wi have been un- 
able to confirm. Using one-tenth volume of 0.005 per cent of Northrop and 


| 


Kunitz’s erystalline trypsin (kindly supplied by the Rockefeller workers) we 
have confirmed Eagle’s' demonstration of coagulant activity in trypsinized pro 
thrombin solutions withou added ealenuny aor «ft phalin There are, however, 
sufficient minor differences from the usual thrombin system to warrant doubt 
that the activation is the same phenomenon in both eases 

Calcium alone always develops a relatively weak coagulant. Cephalin 
enormously improves the thrombie activity and earlier data” * lead us to 
he conelusion that caleium alone is insufficient if sourees of ‘‘available”’ 
phospholipid ean be excluded. The Ilowell prothrombin pone palation Is usually 
“poor in available cephalin’’ and the practicability of working with our prepara- 


4 


tions even In quantitative studies on 1 





4 eephalin bactol iS borne Out DD the fact 
at significant clotting time differences (at the minimal zone) accompany varia 
LiIonhS amounting to by 1 O.Q005 me. ot addcd cep ialin per 5 Ce. ot prothrombin 


olution. It is not recommended to attempt further eontrol of the cephalin 


/ 


factor by any routine use of lipid solvents 
Fibrinodg i. On similar grounds to those discussed in connection with 
rothrombin, we may concede that fibrinogen is a plasma protein fraction free 
mm ‘‘significant’’ caleium and containing only a small amount of ‘‘available”’ 
ospholipid.s It is prothrombin free. 
Antithrombic Factors ——The need for a considerable amount (of the order 
one in several hundreds) of cephalin to neutralize minimal (one in several 
0 isands quantities ot added heparin is recorded in another report. Since 
part of cephalin in several millions is quite active in our svstem, there can- 
possibly be any significant antithrombie factor content. 


Stability of Read nis. The enleium ehloride solutions require ho com- 


The keeping properties ot cophalin solutions have been studied. A 
1:1,000 solution, which remains clear and odorless, may be kept in the ieebox for 
eek without demonstrable weakenine of its clot-aidine powers. Weaker 
tions deteriorate more rapidly, 
We have previously noted’ the excellent stability of our prothrombin prep 
a ons, but it is advisable to run controls before and after any extended series 
of quantitative tests, especially with diluted solutions. The fibrinogen solutions 
a highly satisfactory as a rule, but some denaturation may oecur during 
! preparation despite every technical care. Close adherence to the cited 
method of preparation is recommended. Dialysis is unnecessary and un 


desirable.’ Denaturation phenomena in relation to clotting have been con- 


sidered by Fischer™ ?2 and Wohlisch.** A cool temperature is an important 


s of controlline denaturation of fibrinogen 








rHE JOURNAL OF LABORATORY AND CLINICAL MEDICINI 


Physical Variables. A. pil. It has long been recognized that clottine can 
oecur over a considerable pH range (5-8, Kugelmass'*) with a poorly defined 
optimum close to neutrality. There is no pH change attributable to coagula 


tion, We have made some pl studies (glass electrode and indicator dy 


methods) with a view to controlling the influence of pil on the stability of om 


materials at various stages of preparation. The free use of phenol red on test 


sumples and the addition of dilute alkali to prevent any tendency toward 
acidification offer the most practical method of control. The major ‘acidity 
ing’ factors appear to be (1) electrolyte effects on fibrinogen during **saltine 
out’ and (2) the free acidity and buffering of cephalin when present in rela 
tively large amounts especially in the presence of calcium salts** 

B. Dilution in Relation to the Process of Thrombin Formation (first phase 
of clotting).—In tests 15 and 16 of Table L it is noted that the clotting time is 
much longer when the thrombin-forming reagents are added separately to the 
fibrinogen than when they are permitted to interact for several minutes prior to 
This is only partly accounted for by the activation period o| 


\ 


the clotting test. 
the thrombin, which is demonstrated in the thrombin formation curves. 
thrombie mixture added to fibrinogen at or near the commencement of activation 
does not proceed to the completion of clotting at anything like the normal rat: 
(in the corresponding activation eurves) notwithstanding the fact that we 


intentionally omit any citration® or similar method theoretically desirable ti: 
prevent the activation from continuing in the thrombin-fibrinogen mixture. Thi 
experimental fact enables us to obviate the additional procedures, which earlic: 
data® suggest are by no means without complicating effects. The simplest ex 


planation is a dilution effeet, and this is substantiated by the data in Table II 


TABLE I] 
KrFECT OF DILUTION (PER SE) ON PROCESS OF THROMBIN FORMATION 
First Phase of Clotting) 
\. Composition of Thrombie Mixtures (T) and of Fibrinogen-Thrombin Mixtures 
. ww) y ) 
HO 131000 N a = HO FIBRINOGE? 
CEPHALIN CaCl 
0.1 ce. 0.1 ee, 0.0 ee, 
0.1 e.e. OF e#. 
O.1 ee. O.1 @.e, > CC. O22 @.e, 
O.1 ee, O.1 @.e, zs CL. Ra CL. 


O.1 ee. O.1 ee, P ra & 28. 


Oi ce. 


l 
l 
l 
l 
| 


B. Thrombin F Data. Clotting Times (Seconds) at 3s° ©, 
DILUTION Cc. TT. rER: yy 5’ 10’ »«)' SO’ OO (INCUBATION AT 5 
noo” 105” 120” 135” 150” 

Loo” 195” Ri)” R5” gn” 
se” 115” 
105’ 


5” 52” 120° 


lsd 
1:4 
1:5 , : 120" 60" 75" 
1:2 85" Ya 15’ 
l: y” } 


| 35” ’ 35 


Ilere we are investigating dilution per se, taking care to maintain (a) prop 
tions of thrombie components, (b) equivalent amounts of thrombic mixture, : 
(¢) same final dilution. Although the dilution is varied only between 1:1 
1:5, there is a marked effect upon the earlier phases of thrombin product 


The minor variations in thrombin stability and optimum potency are irrelev: 
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It may be inferred from these data that comparative tests covering the thrombin 
activation curves at various dilutions are essential for even a relative evaluation 
of the dilution factor. Clotting-time data on whole plasma or similar complex 


svstems must he subject to a considerable uncontrolled dilution variable. 


i Dilution rn Ri lation li the Thrombin Fibrinoge i Interaction 
hase of clotting ). A number ot workers (e.a.> 


(second 
have sought to establish 
comparison of “relative concentrations’’ of thrombin on the basis of elotting- 
time values obtained by dilution methods. Eagle (op. cit.), for instance, used 
serial dilutions of (supposedly stable) thrombie mixtures to obtain standards 
reference for converting clotting-time data into ‘relative percentage of 
thrombin 
In the following experiment (Table ILL) dilution of the thrombin in the 
rombin-fibrinogen mixture was obtained in three different ways, viz., (A) the 
sual dilution of the thrombic mixture, (B) inereasing the amount of fibrinogen 


TABLE III 


Mrruops UPON THE Thro 
| | 


Second Ph 


RACTION 
ase of Clotting 


1 Thrombin at 15 i Clotting Times 


LATIV] 


Ce 


clotting onse n ed by dilution. 


on, and (() dilutine the fibrinogen solution. It 
m ot series C with either 


is obvious from a com- 
A or B that the clotting time is not affected by 
idependent variation of the fibrinogen concentration (and hence of the 
bin: fibrinogen ratio). The three series show a remarkable correspondence, 
en the slight differences in series A are in accordance with a small dis- 
ey in the final thrombin dilutions as compared with the other two series. 

be concluded, therefore, that the specific dilution (i.e., the coneentra 
1 thrombin is the primary determinant of the clotting time. 


is worth pointing out that the clotting time is concerned solely with the 
the thrombin-fibrinogen interaction and not 


with the amount of fibrin 
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produced. That is why we always time our clots from the commencement. To 
wait for a solid clot in the presence of a weak thrombin introduces the considera 
tion of amount of fibrin formed, and this, of course, is governed bv a different 
set of factors, notable among which are questions related to quantity of thrombin 
and weight of the clot (Eagle*?), neither of which can as vet be dignified with a 
biochemical significance 

D. Temperature—The experiments of Table LV afford a good illustration 
of the well-known dependence of the rate of thrombin formation upon tempera 
ture. Attention is ealled, however, to the relationship of temperature to thi 
rate of thrombin deterioration (*‘metathrombin’’? formation). In the series 
A, the ineubation of the thrombie mixture was continued at 38° C., with the evi 
dent result that the potency of the thrombin fell off quite rapidly after a briet 
optimal period. In experiment B, a portion of the identical mixture was r 
moved after six minutes of incubation and immediately cooled and kept at 15 
(. The stabilization of the thrombin by the lowering of the temperature | 
strikingly demonstrated. 

TABLE IV 


ErrECT OF TEMPERATURE ON THROMBIN FORMATION AND STABILITY 


Thrombie mixture 10 ¢.c. prothrombin 1 ¢.c. 1:1000 cephalin 1 e.e. N/10 CaCl 
Ts 0.5 cc. : 10 e.c. 
Clotting times (seconds) at 58° C, 
INCUBATION PERIOD i” Z 5" 7 10’ 90’ §630’ 60’ Oi) 1: 
\. 38° C. throughout irs. hrs. 40” 40” 12” 85” 140” 1200” hrs. |! 
B. 38° C. for 8 min. then at 15° C. hrs. hrs. 40” 40” 41” 45” 45” 6” 50" 
(, 15° C. throughout hrs. hrs. hrs. 210” 75” 30” 30” 30” 
Clotting tests of series B performed 1 min. earlier than times listed 


lor ‘‘standard’’ conditions it is recommended that a temperature of 15 to 
20° C. be employed for the thrombin activation, accepting the ineonvenier 


f 


of some delay in the process of activation, rather than the risk that differen 


in the activation curves be due to uncontrolled thrombin deterioration inst: 


of to the variable which is being tested. The use of a temperature of 38° 


for the actual clotting test is Justified by the speeding up of the clotting ti 
so that there is seldom a long enough period for appreciable ‘‘metathrombin”’ 
formation. In certain delayed coagulations, however, this possibility may rv 
quire further investigation. 


Another illustration of the importance of temperature is offered in tli 


data of Experiment V, which was devised in order to emphasize the necessity 
for controlling thrombin stability in evaluating relative thrombic activity by : 
dilution method. 
Expermment V. Thrombie mixture = 15 ec. prothrombin 1.5 ce. 1:1,000 
cephalin + 1.5 ««. N10 caleium chloride. After five, ten, thirty minutes” Ineuba 
(‘., the clotting times of test samples were 380, 55, 210 seconcs, 


tion, at 38 

respectively. Between the seventh and ninth minutes, dilutions of 1:2, 1:4, 
1:8, and 1:16 were made and kept at 38° C. Between the eleventh and sixte 
minutes, these gave clotting times of 78, 145, 240, and 540 seconds, respect! 


Between the thirtieth and thirty-fifth minutes, the corresponding tests yi 
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clotting times of 175, 225, 360 and 570 seeonds, a marked deterioration which 


would quite invalidate the use of these values as standards of reference for 





calculating ‘‘thrombin pereentage’’ (Eagle op. cit.). Another series of the 
. same dilutions was made up at approximately the same time as the first series. 
9 The second group, however, was kept at 15° C. The elotting times were (a) 72, 
140, 220, 450 seconds, respectively (ninth to eleventh minutes) and substantially 
the same, viz., (b) 72, 140, 215, 460 seconds, respectively (thirtieth to thirty- 
fifth minutes), some twenty minutes later. 
It is concluded that the specifie influence of thrombin concentration upon 
7 clotting time (v. supra) makes it practicable to use a dilution method for eonvert- 
| ng thrombie activity (clotting time) into relative thrombin values (e.g., per- 
7 centages), provided that suitable controls are made to assure stability of the 
| thrombin throughout the experimental period. There is, however, no particular 
value in) such additional procedures where the pertinent information ean he 
A read directly off the prothrombin aetivation curves. 
CONCLUSIONS 
It is evident from the foregoing technical considerations that the standard. 
ization of procedures for the biochemical investigation of coagulation reactions 
can be achieved to a sufficiently satisfactory extent. The manipulations and 
controls are somewhat tedious and demand considerable care, but the results 
offer the possibility of a distinet reliance upon even small changes in elotting- 
time data in elucidating a variety of variables. 
| SUMMARY 
The standardization of coagulation techniques involves the preparation of 
isolated reagents (e.g., ealeium salts, cephalin, prothrombin, and fibrinogen ) 
o controlled for **‘purity’’ and stability: 
Physical variables necessitating investigation and control include pH, tem- 
ees perature, and dilution factors. 
ead It is recommended that a pl slightly on the alkaline side (about 7.5) be 
( maintained by controlling the test systems with phenol red indicator. A tem- 
perature not exceeding 15° to 20° C. is necessary to prevent thrombin deteriora- 
in’? tion. In most eases a temperature of sar ©. is preferred for the actual eoagula- 
( tion tests. 
Under conditions of thrombin stability and controlled dilution variables, the 
( elotting-time values become reliable data of reference for the comparative in- 
sith vestigation of a large number of experimental variations in the coagulation 
sysiems. 
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MULTIPLE PRIMARY MALIGNANT TUMORS 


J. D. KirsHpaum, M.D., M.S., anp F. L. SHIvety, Jr., B.S., B.M.., 


CHicaco, Inn. 


M' LTIPLE primary malignant tumors in the same individual are of great 
interest since they demonstrate that a malignant neoplasm does not infer 
munity against a second malignant tumor. The literature contains many re 
orts deseribing multiple malignant tumors, but in reviewing this literature one 
finds discrepancies as to the frequeney of this combination as well as the eriterta 
yplied in determining whether two tumors are independent of each other. 
Billroth' is eredited with having reported the first case of multiple primary 
mors in 1S69, ried? considered the condition very rare, finding one case in 
1,000) post-mortem examinations. Muller,’ in reviewing 5,012 autopsies over 
20 vears of age, noted 1,121 tumors; 18, or 1.6 per cent, had more than one 
cancer. Harrineton* studied 1,100 cases of carcinoma of the breast and found 
second breast in 37 instanees the site of eareinoma, either simultaneously 


bsequently. Thirteen eases he considered as multiple primary cancers, an 


lence of LL per cent. Hansemann® found 5 cases out of 1,000 tumor eases. 
Redlick.® quoted by Ewing,’ reported 14 cases from a series of 1,225 cases. Han- 
after carefully reviewing the literature, reported 48 cases. Puhr,* im a 

St s of 6,718 necropsies from the second Budapest Pathological Institute, 
1.559 tumors; 219, or 14.04 per cent, were multiple growths, of which 5, 

21 per cent, were multiple primary malignant neoplasms. Egli,® quoted by 
Murray, in reviewing 966 tumors at the Basel Pathological Institute, found a 


plicity of tumors in 263, or 27.8 per cent, of which there were 20 multiple 


nant growths, or 2.07 per cent. Murray!’ reported a series of 4,219 exam- 
} ) | 


nations from the Oslo Cancer Institute to have had 82 multiple malignancies, 
( er cent, of the cases. Hlarbtz' found 16 cases, or 3 per cent in 524 cancer 


sies. MeNamara'? found one case in 364 autopsies. 


Single cases by Bosq.! Yamagiwa,'!! Luchsinger.’’ Ball and Reynolds," 
aT er,’ Perrotte’*’ Winter’? White“ Baregen and Rankin,?! are deseribed. 
A VO Cases by New and Childrey,°? Dusehl.? and Seecot.?4 


cirson®?® reported similar tumors in both testes, and reviewed 46 primary 

al tumors of the testes. 

it and Broders?® found 71 cases of multiple primary malignant neo- 
pl , or 3.34 per cent, in 2,124 patients at the Mayo Clinie. The majority of 


ses were from surgical specimens and not post-mortem material. 


m the Department of Pathology, Cook County Hospital, Dr. Walter Schiller, Director, 
epartment of Surgery, Northwestern University. 
eived for publication, May 16, 1938. 
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TABLE I 
s or I411L CASES OF CARCINOMA 
O. OF TUMORS A 
RIMARY CAUSE 0 », OF INCIDI rA 
ORS 
DEA 
Res) ory Traet 
l. Oral cavity 3 
lonsil , 7 ) 
Pharvny 14 | 
| rvnx 5 0 
Lung 144 0) 
(, ( hestine Tract 
l. KMsoplha rus SY 1 
Stomach a 14 Is 
Intestines 
Large 1] 3 
by St il S { 
t. Live 
Pri 7 0 
hb. Bike l 2 
(inll Tale 7 » 
O. Ext ep bil luets oe l 
l Ne Org 
l. Testiel 5 0 
y ’rostate Os > 
Semin - ‘ | 0) 
/ Nex Ora 
l Ure rn ] () 
Ovaries 4 l 
lterus 
i. (Cervix 77 6 
bh. Corpus 14 l 
ft. Vagina «at ulva 0 
5) Breast 70 7 
G aru Traet 
I. Kidne 1 ?6 
’. Ureters 0 1 
| irv. bladde 93 : 
kndoe e 0 
l. Panerens O7 
’. Pituitary 2 0 
Thyroid 3 () 
t. Adrenal ya U 
». Thymus | 0 
V ( O 
Skit LS 7 
| 12S8S 12 


Owen?’ found 4.7 per cent of 3,000 cases of primary multiple maligi 
tumors at the Barnard Free Skin and Cancer Hospital. 

Warren and Gates! made an extensive review of the literature on 
subjeet of multiple primary malignancies up to the vear 19382. They found 
incidence of 1.84 per cent of multiple primary malignancies in their coll 
series of 794 cases of carcinoma. In their own series of 1,078 autopsies in W 
earcinoma Was the primary eause of death, 40 cases were encountered in w 
there were multiple primary carcinomas giving an incidence of 3.17 per 

Burke! from 1924 to 1935 reported d83 cancers with an inciden 
28.6 per cent in a series of 2,033 autopsies. In this series there were 46 © ses 


of multiple primary careinoma, with an ineidence of 7.8 per cent. 
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mvoeardial degeneration. fnatomie Diagnosis: l Adenocarcinoma of the cardiae end « 
the stomach with stenosis of the eardiae orifice: ~) hornifving, anaplastic, squamous-ct 
varcinoma of the esophagus. Metastases: 1) to the pleura, liver, greater omentum, periaort 


lyn ph nodes, peritoneum, and diaphragm. 


CAS } \ white mak iged S81 vears ( cal Dia OSIS Carcimomsa { the sto 
with pylorie obstruetic n. f[natomic Diagnos Be 1) Uleerated MUCUS] rod Wine thie 
moma Of hie prepyvlori portion of the stomach: 2 adenocarcinoma of the pro 
vland. Metastases: 1) to the perigastrie, mesenteric, peribiliary, and peripanereatie lyn 
nodes, and to the peritoneun 
CASE 5.—A white male, aged 75 vears. Clinical Diagnosis: Syphilitie heart dise 
lnatomie Diagnosis: l Adenocarcinoma of the transverse colon with moderate stenosis 


the lumen; ”) a small basiloma of the nose. Vetastases: None. 


CASE 6. \ white female, nved 74 vears Clinical Diagnosis: Acute intestinal obst: 


tion due to a carcinoma. fnatomic Diagnosis: l Annular constricting adenocarcinor 


of the sigmoid colon with partial obstruction of the lumen; (2) plaque 


of the reetum. Vetastases: to the liver. 


CASE 7. \ white male, aged 77 venurs, ( cal Diagnosis: Careimoma of the si 


nusing partial obstruction. lnatomic Diagnosis: ] Stenosing carcinoma at the inet 


of the descending and sigmoid colon; 2) papilloma of the rectum with earcinomat 


transformation. Welastases: None. 


CASE S \ white male, aged 76 vears. Clinical Diaaqnosis: 1) Careinoma of the 


2) generalized a iosclerosis ; »)n 


sigmoid junction with metastases to the liver; 


te) 
sclerosis with mild deceon pensation. lnatomi Diagnosis: ] Uleerating, tu 
adenocarcinoma of the rectosigmoid mection; (2 hypernephroid carcinoma of the upper 


of the left kidney. Vetastases: | None to the liver: ”) to the kidnev eapsu 


CASE 9, \ white male, aged 66 vears. Clinical Diagnosis: Biopsy of tonsil and p: 
revealed a squamous-cell carcinoma. fnatomic Diagnosis: (1) Colloid eareinoma of. the 
moid colon; (2) hornifying epidermoid carcinoma of the left tonsil. Metastases: 


the liver, sternum, thyroid, and the left adrenal; (2) extension into the soft palate. 


CASE 10. \ white male, aged 77 vears. Clinical Diaqnosis: 1) Careinoma of 


intestine with metastases to the liver, or (2) carcinoma of the pancreas. lnatomic Dia 


] Adenocarcinoma of the common duet at the junction with the eystic duet; (2) en 


fungating, mucous carcinoma of the hepatic flexure of the colon, Vetastases: 1) t 


hepatic and biliary lymph nodes, gall bladder, and the liver. 


CASI Ll. \ white male, aged D0 veurs, ( inical Diagnosis: l Carcinoma o The 


ducts or pancreas; (2) Catarrhal jaundice; (3) silent stone in the common duct. 4) 
Diagnosis: | Adenocarcinoma of the common duct at the junction with the ev.t 


» 


oecluding the opeuing of the evstie duct: stenosing, disk shaped adenocarcinoma ¢ 
pyloric portion of the stomach. Vetastases: l to the peribiliary lyn ph nodes, liver, tu 


wall of the stom h. 


CASE 12. \ white female, aged 54 vears, Clinical Diaqnosis: | Careinoma 
head of the pancreas, o1 : carcinoma of the bile ducts with obstruction. fna 
Diagnosis: 1) Mucus-producing adenocarcinoma of the hepatic ducts completely oblite 
the lumen; (2) uleerating carcinoma of the rectum. Metastases: 1) to the liver and 


lower lobe of the lung. 


CASE 15. \ white female, aged 69 vears. Clinical Diagnosis: Gastrointestinal 
nancy. fnatomic Diagnosis: ] Adenocarcinoma of the gall bladder; yA multi} 
polyps of the rectum with malignant transformation of one of them. Metastase 


to the liver and peribiliary lymph nodes. 
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CASE 14. \ colored male, aged 57 vears. Clinical Diagnosis: 1) Syphilitic aortie in 
sufficiency; (2) carcinoma of the liver, probably secondary to the stomach with ascites 
fnatomic Diagnosis: 1) Carcinoma of the liver; (2) polyp of the transverse colon with 

rcinomatous transformation. Metastases: 1) with tumor invasion and obstruction of the 


‘ 


rtal vein and secondary thrombosis extending into the superior mesenteric vein, 


CASE 15. \ white male, aged 55 years. Clinical Diagnosis: Reeurrent carcinoma of 


stomach with metastases to the portal lymph nodes and compression of the bile ducts. 


atomic Diagnosis: l (Adenocarcinoma of the head of the pancreas with compression 
the common bile duct; (2) multiple (2) polyps of the stomach with early malignant trans 
rmation of one of them. Vetastases: 1) to the liver, peripancreatic lymph nodes, and 
periaortic lymph nodes; tumor thrombosis of the hepatic and splenic arteries, and to the 
ll of the gall bladder. 

CAS 1G, \ white female, aged 60 vears,. Clinical Diagnosis: l Carcinoma of the 
pus uteri with metastases to the left lung, or (2) carcinoma of the right ovary and a 
ondary bronchiogenie carcinoma; (3) arteriosclerotic heart disease with auricular fibrilla 

fnatomic Diagnosis: 1) Medullary adenocarcinoma of the main bronchus of the left 
per pulmonary lobe; (2) fungating adenocarcinoma of the corpus uteri with extension 
to the cervical canal and a suppurative endocervir itis. .Wetastases: 1) to the left uppel 
Imonary lobe and to the left pulmonary hilus lymph nodes. 

CASE 17. \ white male, aged 6S vears, Clinical Diagnosis: l Malignancy of the 
ae ys bone tumor of the right axilla. fnatomic Diagnosis: l Very anaplastic, un 
ferentiated bronchiogenic, squamous-cell carcinoma of the bronchus of the right upper 
: yi adenocarcinoma of the prostate, Vetastases: ] to all the pulmonary lobes, 
tebral body, ribs, adrenals, kidney, myocardium, stomach, and to the skin of the scalp. 

( sE 18. \ white female, aged 59 years, ¢ linical Diagnosis: | Multiple metastases 

ings, mediastinum, and subcutaneous tissue of the chest, either a carcinoma of the 

x or a sarcoma of the right orbit. lnatomic Diagnosis: (1) Medullary, round-cell ear 

a of the middle lobe of the right lung; (2) ulceration and fibrosis of the cervix uteri 

bliteration of the external os (radium sterilized carcinoma of the cervix); (5) sarcoma 

e right orbit. Metastases: 1) to both lungs, pulmonary hilus, peritracheal, posterior 

astinal, peripancreatic, periaortic Iymph nodes, right serratus muscle and diaphragm, 

er omentum, anterior mediastinum, both adrenals, both kidneys, and under the capsule 
liver, 

CASE 19.—A white male, aged 69 years. Clinical Diagnosis: (1) Carcinoma of the 

hich was diathermized., Anatomu Diagnosis: (1 Epidermoid eareinoma of the 

lip; (2) periportal cirrhosis of the liver and early hepatocellular carcinoma of the 
obe; (3) adenocarcinoma of the prostate. Metastases: 1) to the submaxillary lymph 
of both sides, 

CASE 20.—A white female, aged 47 vears. Clinical Diagnosis: A far-advaneced ear 
of the right breast with multiple metastases. Anatomic Diagnosis: l Uleerating, 
ng, squamous-cell carcinoma of the cervix; (2) scirrhous ductal carcinoma of the 
Vetastases: 1) to the body of the uterus, vaginal wall, rectum, urinary bladder, 

and periiliae lymph nodes, and to the liver; (2) to the skin, right axillary Ivmph 
eft clavicle, pleura, lung, and to the right adrenal, 

e Zi. \ white minle, aged 65 vears, Clinical Diagnosis: Annular constricting 
cinoma of the rectum with metastases to the lungs. Anatomic Diagnosis: (1) 
nt hypernephroid carcinoma of the left kidney; (2) adenocarcinoma of the reetum. 
SES: 1) to the renal vein and pelvis, lungs, and liver. 

SE 22.—A white female, aged 35 years. Clinical Diagnosis: (1) A pseudomucinous 





2) a malignancy of the 


oma of the left ovary with malignant transformation, e1 
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colon. lnatomic Diagnosis: l Hypernephroid carcinoma of the left adrenal: (Z adeno 
earcinoma of the colon, Metastases: (1) invading the veins of the kidnev and the inferior 


» 


vena Cava; 


metastases to the liver and to the right ovary; to the liver and mesentery. 





CASE 25.—A white male, aged 70 vears. Clinical Diagnosis: Malignant hypernephroma, 
fnatomic Diagnosis: | Hornifving squamous-cell carcinoma of the upper one-third of the 
esophagus with marked constriction; 2 recurrent papillary adenocarcinoma of the right 
kidney. Metastases: None. 

CASE 24. \ white male, aged 52 vears. Clinical Diagnosis: Advanced pulmonary 
tuberculosis and tuberculous laryngitis. fnatomic Diagnosis: | Uleerated squamous-cell 
earcinoma of the left pyriform sinus involving the arvepiglottie fold; (2) adenocarcinoma of 
the lesser curvature of the stomach, 

CASE 25. \ white female, aged 60 vears. Clinical Diagnosis: 1) From an x-ray of the 
ehest and skull, an osteolytic malignant tumor of the parietal bone with metastasis to thu 
lungs was considered. ”) The diagnosis remained uncertain as to the origin of the tumor 
fnatomic Diagnosis: l Adenocarcinoma of the thyroid; 2) adenomvomatosis of the 
stomach with carcinomatous transformation. Vetastases: l to both lungs, the rig 


parietal bone, sacral bone, and the right peritracheal lvmph nodes. 
DISCUSSION 


The 25 cases, with apparently two independent primary malignant tumors 
were selected from a series of 1,411 malignant tumors. The tumors were situated 
in different organs, usually in different svstems, and frequently showed different 
histologie structures. These criteria are necessary in order to exclude metastases 
that may simulate primary tumors. Billroth formulated three rules which lhe 
thought had to be adhered to in making a diagnosis of multiple primary malig 
nant tumors: (1) each tumor must have a different histologie appearance, (2 
the tumors must have different sites of loeation, and (3) each tumor must pro 
duce its own metastases. The above rules may apply to some eases, but thi 
cannot be fulfilled in all cases of multiple primary malignant tumors. Tumors 
need not necessarily have a different histologic structure in order to be considere: 
independent. This is illustrated by Case 4, which showed an adenoearcinon 
of the stomach and an adenocarcinoma of the prostate. A single organ m: 
be the site of two different primary malignant tumors (Jaffé** and Renner 
either from an embryologic basis or due to irritants. No metastasis may exis! 
from either of the two tumors, i.e., as shown by 5 of the cases. 

Goetze*’ offered the following criteria for the diagnosis of multiple prim: 
malignant neoplasms: (1) the tumors must have the macroscopic and mic 
scopic appearance of the usual tumors of the organs involved, (2) the exclusio! 
of metastasis must be certain, and (3) the diagnosis may be confirmed by 
character of the individual metastases. The third point was illustrated in o1 
Case 22 of the series; the liver contained metastatic nodes of two distinct « 
ferent histologic structures, 

Wooley,*' in an attempt to classify multiple primary malignant tumors, 
listed them into the following groups: (1) multiple tumors may affect the sa 
tissue and produce identical tumors, or growths of different types; (2) affecting 


both of a pair of organs need not necessarily be of the same histologic t 






e.g., both breasts; (3) affeeting different regions of the same system need 
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necessarily be of the same histologic type, ie., the genital tract; (4 different 
systems may be affected by different types of new growths. 

It is apparent that there is no standard definition to characterize multiple 
primary malignant tumors. One must keep in mind that metastases sometimes 
show considerable differences from the primary tumor. In the metastases meta- 
plastie changes may be present that are not observed in the primary tumor. 

Various theories have been offered for the pathogenesis of multiple primary 
malignant neoplasms. Ewine®? states that **The rather common occurrence 
of two or more tumors in different or same organs of the same subject suggests 


nothing more than the coincidence in several oreans of the general biological 





actors in the genesis of tumors.’’ He suggests that when minute search is care- 

lly condueted and all forms of tumor growths included, the proportion of 
multiple primary tumors will be much greater. That there may be an endog 
enous eause, ie. the abnormal distribution of chromosomes in nuclei, has been 
often emphasized, Anomalies in cell) division have been repeatedly —ob- 


' There may be a mechanieal developmental anomaly,’ or multiple 


served, 
oct of irritation. Toxins Nias persistently act in the same individual in two 
different locations.’ Hadser* suggested that there may be multiple foei of 
embryonal displaced or superfluous cells as the cause. It was thought that in- 
dividuals with one tumor may exert an immunity against a second tumor. This 
lief was based on the experimental work of Ehrlich and Apolant,’> who showed 
at a transplanted malignant growth in mice conferred immunity against a 
second inoculation of the same or another tumor. Later workers have shown 
at this immunity diminishes after a short period. An individual with a 
alignant growth usually sueeumbs to it before a second malignant neoplasm 
velops. 
The complex influence of an existing tumor upon neighboring cell groups 
y predispose to tumor growth.” Similar tumors in paired organs may exert 
erent influences in each case. There may be widespread multiple foci of 
vin which may exhibit neoplastic growth one after the other, thus simulating 
lateral diffusion of the tumor proeess.*" As an explanation for the involve- 
nt of paired organs, Wooley ' believed that the cells must be in a special 
state, so that whatever acted upon one organ, whether the active proliferation 
irritated by one factor or another, affected similarly its pair. Orr‘? was 


he opinion that if aecurate observations were recorded of the occurrence of 


tiple primary malignant tumors, the disputed question of whether one 
enant tumor exercises an inhibiting effect on the development of a second 
ld be settled. 


The 25 eases described are briefly summarized in Table II. There were 


17 males and 8 females. Twenty-one of the eases were white and 4 were colored. 
The ratio of males to females in our series was 2.2:1, while in Burke’s*® series the 
s, ra was 2:1. There were 7 eases in which the primary tumor showed no 
( me astases; 19 showed metastases. Twenty-one cases of the incidental tumors 
- lovnd at autopsy showed no metastases; 5 showed metastases. Two of the 


i ts were under 50 years of age, 7 were between 50 and 59 years, 9 were 





n 60 and 69 vears, and 7 were over 70 years; an average of 63.3 years. 
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The voungest male was 50 vears, the oldest was 81 years, making an average 
of 66.0 vears of age. The voungest female was 85 vears, the oldest was 74 
vears, making an average of 57.2 years of age. In Hlanlon’s* series, the average 
age was 62.6; Owen’s®? cases, 62.1 vears; and Hurt and Broders”® 


20.4 vears. The low age incidence given by Hurt and Broders, as compared 


to the authors’ and other reports, may be because the material they studied was 


chiefly surgical specimens. The diagnosis of malignant tumors removed at opera 


tion is usually made earlier than the tumors found in autoptic material. 


It is frequently noted that neoplasms of older people are less malignant 





as low as 





than those of younger persons, and it appears obvious that the one with thy 


slower growing tumor will live longer and thereby perhaps have a better chance 


of developing a second tumor. The above explanation may account for 


frequent occurrence of multiple neoplasms in older people. 


} 


If one can generalizes from a single ease example, it may be said that the 


first malignant tumor does not influence or predispose to the formation of 


second one, as exemplified in Case 8. In this ease the first tumor was removed 


by radical operation, and four years later the patient suecumbed to a second 


primary malignant tumor. There were no evidences of any recurrence of the 


first tumor. 


The frequency with which multiple primary malignant tumors are encoun 


tered in the literature speaks against the possibility ot one tumor conterrin: 


an immunity toward the development of a second independent neoplasm. 


The colon was involved in 14 eases, the stomach in 8, and the kidney in 


") 


3. In 21 eases the gastrointestinal tract was the site of one of the two malig- 


nant tumors. The kidney and colon were the most frequent combination o 


organs to be affected. 


The diagnosis of multiple primary malignant tumors 


Was considere: 


clinically in only one case. The second tumor was always, with the exeeptior 


of the aforementioned case, an incidental finding. In many 


ot 


the cases t! 


symptoms produced by the multiplicity of tumors were confusing and in eac 


case the findings were fitted together so as to conform with the diagnosis o1 


single malignant tumor. [requently the confusion of a group of unrelat: 


symptoms will be clarified if one will keep in mind the possibility that a patie: 


may be inflicted with two or more independent unrelated conditions, whether 


be two primary malignant tumors or two infectious diseases. 


Only 4 of the cases presented metastases from each of the two tumors. 


not necessarily produce its own type of metastasis in order to make a diagn 


of multiple primary neoplasms in the same individual. So often one of 


tumors is slow growing, whereas the second produces extensive metastases : 


death. In 6 of the cases, the tumors produced no metastases. 
) 


corollary that the microscopic appearance of the tumor usually differs when 1 
different organs are affected is of diagnostic aid and for the most part 
In 20 of the «: 


essential criterion, but is not always applicable to all cases. 


( milly one ot 


25 eases presented identical histologic changes in both primary tumors. 


T 


illustrates the dictum that in multiple primary malignancies each tumor 1 
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here deseribed, organs of two different systems were the sites of primary malig- 
nant tumor formation, while in two of them, three different organs were the 
sites of malignaney. 

It is very apparent that there are no uniform steadfast laws that may be 
laid down to designate the diagnosis of multiple primary malignant tumors in 


the same individual in all given eases, 


CONCLUSION 





Twenty-five cases of multiple primary malignant tumors selected from 1,411 
malignant tumors are described, an incidence of 1.77 per cent. 

The incidence of multiple tumors in surgieal specimens is mueh higher 
and is given between 3.34 per cent and 4.7 per cent. 

The colon was the site of one of the multiple tumors in 13 of the eases, 
rv 52 per cent; the colon and kidney were the most frequent combination in- 
olved. 

The average age was 63.3 years. Seventeen were males and 8 were females. 

Multiple malignant neoplasms as an incidental finding without any im- 
munity or direet relationship of one tumor for another in the same individual, 
re discussed, 

Some individuals Wha he endowed with a congenital, or acquired, predisposi 
tion toward tumor formation. These factors may be considered as explanation 


or the presence of multiple primary malignant tumors in the same individual. 
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LABORATORY METHODS 


THE QUANTITATIVE UNRELIABILITY OF THE NITROPRUSSIDE TEST 
FOR -SH AND -S.S-* 


Kreperick S. HamMMerr, Pu.D.. AND SIpNEY S. CHAPMAN, B.S.., 





NortH TRuURO, Mass. 


IIE nitroprusside reaction is widely used for the colorimetric demonstration 

and estimation of sulfhydryl (-SH) and disulfide (-S.S-) in tissues and the 
products of their activities. 

The test as usually applied consists of first saturating an appropriate quan- 

of substance or solution with crystalline ammonium sulfate; then making 

alkaline with one or two drops of concentrated 27-29 per cent ammonium 


vdroxide; and finally adding one or two drops of 5 per cent sodium nitro- 





russide solution. In the presence of -SIL a fleeting pink to purplish red color 
(it velops. 

The color is not given by -S.S-. This must first be reduced to -SH. This 
done by exposing the material to two or three drops of 5 per cent potassium 
anide or sodium evanide for ten minutes; after whieh the above-described 
oceedure is emploved. 

Clearly such directions admit of many variations. It 1s but natural, there- 

that the test has not been quantitatively satisfactory. Although the com- 

nds which give a like color and those which interfere with color development 
very well known,'’ what effects, if any, the reagents themselves may have on 
ations in color change and intensity have vet to be established. 

Obviously no reliable quantitative method can be devised until these are 

vn. Nor can surety be had even of the relatively simple qualitative re- 

m. or although a positive reaction can fairly safely be taken as evidence 

‘ presence of the sought-for groups, a negative reaction at borderline con- 

ations might conceivably be as much due to inhibition from the improper 
ft some reagent as to the absence of reacting sulfur compounds. 

lhese principles make desirable an inquiry into the effects of the reagents 

nitroprusside test on its reaction with -SH and -S.S-. Sueh is here re- 


] 


\s test material we used from 0.5 ¢.e. to 1 ¢.¢. of approximately M/10,000 
ne, eystine, glutathione, and p-thioeresol. These were especially purified 
s by the Chemical Division of the Lankenau Hospital Research Institute. 
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Truro, Mass. 
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Standard procedure was to keep all reagents except one constant and then 
observe the changes in intensity and duration of color with changes of the 
variant in order of use and concentration. The results are as follows: 

Sodium Nitroprusside: This is the chromogenic compound, As such it is 
incomplete. Without alkalinization it produces no sure color. The chromoge 
nicity resides in some chemical grouping produced by the action of hydroxyl ion 
The nature of this is as yet unknown. 

The nitroprusside is usually used in 5 per cent water solution. This has a 
high color. When the -SH concentration is low (cirea M, 100,000 to M/200,000 
so that the pink color is faint, the tint is obscured and even obliterated by thi 
tint of the reagent. We have found a 1 per cent solution does away with this 
difficulty. It also is adequate for full color development with -SH. 

The nitroprusside solution turns green in warm bright sunlight, be this 
direct or indirect. This, of course, masks the reaction with -SH. The addition 
ot 0.1 ¢.c. concentrated ammonium hydroxide to each 10 ¢.c. prevents the d 
composition. Although the addition of ammonium hydroxide is advoeated | 
Giroud and Bulliard* as routine, we prefer plain water solution because am 
moniated nitroprusside changes color on standing. This is evidence of undesired 
change in chemical character of the reagent. 

It is emphasized that only freshly prepared nitroprusside solutions should 
he used. New solutions should be made up at least every hour when the assa) 
is protracted. 

Ammonium ITydroride: Although ammonium hydroxide is the customar 
alkaline reagent, it seemed worth while to determine if the effect is attributabl 
to OH ion and if NH, ion participates. 

To this end, from 0.10 ce. to 0.25 ¢.e. of M/10 sodium hydroxide, M/10 
sodium e¢yanide, M50 lithium carbonate, and M915 disodium phosphate wer 
severally substituted for the concentrated ammonium hydroxide. Color was 
produced in all cases. This shows that OH ion makes sodium nitroprussid: 
chromogenic for -SH. 

In running the trials it was found that the color character differed wit 
the eation. Thus while NH, ions gave their characteristic pink, Na ions eav 
a reddish purple, and Li ions a distinet trend to orange and vellow. It is ek 
that the NH, ion as such is a factor in the determination of the kind of col 
produced in the test. 

The fact that other cations give other tints is important in any attempted 
quantitative use of the test. An unadjustable mixture of cations in the tiss 
or solution being tested could give colors which are unmatchable with that pr 
duced by ammonium hydroxide with a standard. 

Studies were made of increasing ammonium hydroxide concentration to s 
if color intensity is related thereto. It was found that as ammonium hydroxi 
inereased from 1.6 to 4.0 M the color also increased: but that from 8.0 M on. 1 
color tended to fade out. Similar changes occurred in similar trials with 
other OTL ion sources. Clearly there is an optimum coneentration for maximum 
color production. While this can be determined for pure solutions, its est 
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ishment in tissues and their extraets is unsure. On this basis alone the colori- 
metrie estimation of -SEL in biologie material in terms of a standard solution is at 
best but an approximation. 

Disoditun phosphate solutions, particularly those which have stood for some 
time, act to inhibit color development ; even though the pI is that to be expected 
or the M/15 coneentration viz., 8.04). This suggestion of phosphate inter- 
ference has been borne out in work with root-tip extracts. Here it was found 
that extracts buffered with O.1 ee. phosphate mixture to 1.5 ¢.c. solution gave 
much less color than unbuffered controls. It was not the buffering per se which 


was responsible, since citrate buffered extracts showed no such inhibition. It 





is evident that accurate quantitative estimation of -SH by nitroprusside in the 
presence of any considerable amount of phosphates is impossible. Phosphate 
niffers should be avoided in any work where -SIT is to be determined by nitro- 
russide, 

The chromogenic property of Na-nitroprusside with -SIL is dependent upon 
OH ion action. The most controllable source seems to be ammonium hydroxide, 
probably because of its low ph (1.8 by 10°). This is important since develop- 
ment of color intensity is affected by the amount of OL ion present. 

Ammonium Sulfate: When this salt is added to the nitroprusside, am- 
monium hydroxide, -SIl mixture the color is intensified. The intensification 


nereases With inerease in salt concentration up to saturation. Control of this 


ctor rests in being sure that saturation is attained. The practice of adding 
turated solutions is inadequate. The solid salt must be used—not its solution 
nd there must be an exeess thereof. Since the white of the crystals aets to 
lute the pink of the positive test, balance must be had between saturation 
d excess salt. This can be determined in each case. Considerable latitude 
s allowable. Ammonium sulfate, therefore, of all the reagents used in the nitro- 
isside test is the one about which the least anxiety need be felt as a disturb- 
factor in semiquantitative assays. 
The eolor produced fades rapidly. lt would seem logical in attempting 
ntitative work to add the intensifving reagent last rather than first in order 
its effect may not be diminished by the interval between beginning and end- 
of reagent introduction. This has been borne out by experience. We, there- 
_ add solid ammonium sulfate after ammonium hydroxide and sodium nitro- 
sside and just before comparison of test with standard. 
How ammonium sulfate acts is unknown. Since it enhances color in- 
ty with pure compounds in solution, it must participate directly in the 
mogenie reaction. In this connection, when sulfate is added to 0.5 ¢e. of 
mmonium hydroxide, nitroprusside, -SH mixture on a spot plate, it is pos- 


S to actually see color concentrating on each little erystal. This is not ad- 
‘ ion, but localized chemical reaction, since simple stirring disseminates the 
e throughout the mixture. 


In view of the facet that denaturation of proteins may act to liberate -SH 
er ips,’ and in view of the fact that ammonium sulfate is a protein precipitant, 
if rht be that some of the enhancing effect in tissue and tissue extracts is de- 
from denaturation action as well as from direct influence of the compound 
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n the test as such li this is se, opportunity for variable results arises from 


w possibility that variations in kind and initial state of protein might be fae 


tors conditionine the amount of denaturation and hence the number of -SHl 
eroups liberated thereb The matter dese rves exploration. 

Zine Acctate: Switt fading of color produced in the nitroprusside reaction 
with -SIL is a bar to exact work. Giroud and Bulliard* have proposed the use 
of 10 per cent zine acetate as a color fixative, and results therewith have bee) 
reported, The con pone does act to prolong the duration of color and to fix 

in tissues. But -and this is important—it also acts to decrease color in 
tensity Thus, when 0.1 ce. of a 1 per cent solution of zine acetate is added to 


1.0 ee. of a solution containing M- 10,000 of ans of the -SII Carry ine compounds 


wed here and thre nitroprusside test 1S applied iS hereinatter deseribed thre 


color developed is never of the same order of maenitude as that of a control 


if the same initial -SEL concentration (without acetate). Instead it is always 
much less, from 50 to To per cent mostly, sometimes even more. The reaction is 
not helped by arving the concentrations of the reagents. 


This same inhibition of color intensity production oceurs in tissue work 
7 Ce color While Is produeed ith TISSULC treated with Zine acetate and then well 
rinsed is never as wood as that produced in Similar tissue not treated ; and wha 


is more, color is found much more widely distributed in tissue not treated wit 


necetat Thigh oth TISSUle exposed thereto Thus. although al positive reaction ll 
tissues treated with zine acetate may indicate the presence of -SH. therein, thi 
ibsence Of a positive reaction Is ho proot SIL is not there In other words 


preliminary treatment of tissues with zine acetate may prevent demonstration o 
the true distribution of -SIL therein by nitroprusside. It follows that despit 
the fact that duration of color is prolonged and color is fixed in the nitroprusside 
test for -SIL by zine acetate, its inhibitive and uneertain action on color intensit 
makes its use unsafe, either in qualitative demonstration or attempt at quant 
tative estimation 

Cyanide: Nodium Potassium: This reagent is supposed to show the pres 
ence of -S.S It is used to reduce disulfide to sulfhydryl which is then demo 
strated by nitroprusside. The assumption is made that the total -SIH after 1m 


i the -SHL present before reduction and that derived fror 


duetion is the sum 
S.S- by evanide action 

A negative reaction before and a positive reaction after evanide is eviden 
that -S.S- is present and -SHL absent. An increase in color intensity atts 
evanide, as contrasted with that given before, is suggestive but not conelusi 
as to the presence of -S.S-, unless the difference is large. For when the -SI! 
concentration is low it is essentially impossible to discover whether the i 
tensification derives from reduced -S.S- or from the high alkalinity of the d 
sociated evanide. It sometimes happens that the color after reduetion is | 
than that given before It follows that the total -SH after reduction may } 


he the sum of the initial -SH and that derived from reduction of -S.S 


evanide reduction. Indeed, in such cases, it is the sum of what initial -SHI is 
left after standing in the highly alkaline cyanide medium and that formed 
S.S- reduction which has escaped destruction by the alkali. It might be he 


stated that -SH is destroyed on standing in highly alkaline solutions. We h: 








1 


{ 
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round more than onee that whereas a root tip extract would show M 20,000 Tree 
SH. the color produced after six minutes’ reduetion would show only \| LO0.000 


In sueh Cases if is Impossible to tel] if SS IS present, jy IS destroys all Con 


fidence in any reputed value of -S.S- determinations by nitroprusside atter 
evanide reduction, All the method IS eood for IS lo sometimes establish the 
presence ot -S.S ° but this with surety only when eithes ho tres SII Is present 


or when the ratio disulfide free -SEL is high. 


It should now be evident that quantitative exactitude Is Impossible Ol al 
ainment in the colorimetrie estimation of -SIL via nitroprusside. On the other 
and, a not too satisfactory approximation of the order of magnitude of Tree 
SH. in solution can be had therewith if suitable preeautions and patience are 
xereised, 


Thus there IS first pore pared s) \l 1000 CVst Wie stock solution rom this al 


S litable rahneve ot standards eC... \l LO.000 to \] LOO.000 IS pore pared hy dilu 


an A short series Is set pool 1 «ce. amounts in small test tubes Then 1 ee, ot 
e solution to be tested, diluted tissue extract or juiee, IS PUL tO a similar test 
ube. To each tube is added 0.1 ¢.e. 27 to 29 per cent ammonium hydroxide and 
M1 ee. 1 per cent sodium nitroprusside. Atter brief shaking to ensure mixing, 
ere is rapidly added to each tube 0.5 em. crystalline ammonium sulfate with 
ick shaking, and the test mixture is hastily matched with two standards to find 
hich it is greater and which it is less than, The procedure IS repeated with 
arrowing standard limits until the test ranee is established With practice 


! | ( XN} riehee has been possible to tel] whethe I’ Test IS closer to \l 10.000 than 


to M- 11.000: to M 50.000 than to M 52.000; to M.> 100.000 than to M 110,000: 


0 M 200,000 than to M) 250,000. That is to say, with quick work one can place 
e free -SIL concentration in such material within 5 per cent of its detect- 
value in all except the very low limits of visible reaction 
Although this reads well and although the trained observer can get even 
ter than 5 per cent placing with ‘‘ pure solutions’? of SH-earrving com 
inds, it must not be foreotten that tissue extracts and other similar ma 
als may contain many substances, the action of which on the reagents and 
SIL itself is unknown. The estimation is at its best but an approxima- 
But as an approximation it has its uses. 
Absolute values for free -SIL in fresh tissue slices are unobtainable. All 
ean be secured is an approximation of the relative concentrations in dif- 
ent parts of one and the same slice or region being looked at while the test 
C1Ne applied, A useful procedure for TOSS work IS to eover the tissue W ith 
> «ec. water; add 0.05 ¢.e. 27 to 29 per cent ammonium hydroxide and 0.05 
| per cent sodium nitroprusside; and then underline the tissue with 0.25 
ervstalline ammonium sulfate. For study under high power the amounts 
the technique must be varied to suit the need. The order of introduction of 


reagents into the test should. however, he just aS deseribed. 
SUMMARY AND CONCLUSIONS 


In vitro experiments made with the reagents of the nitroprusside test and 
lv purified SH-vielding compounds show that each reagent offers variability 


tors. With these stabilized the test has a limited use in demonstrating the 
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presence Ol SH. and -S.S- under certain definite restrictions which are deseribed 
in the text. It gives a useful approximation for free -SHl. It has no quanti 
tative value for -S.S- determination in cevanide-reduced material. It has no 


quantitative value, absolute or relative, in the presence of zine acetate 
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RELIABLLITY OF THE AGGLUTINATION TEST FOR UNDULAN' 
rEVER* 


Wirit SeeciaL REFERENCE TO BRUCELLA AGGLUTININS IN TUBERCULOUS 


INDIVIDUALS 


llowarp oJ. SuavuGuNnessy, Pu.D., Citeaco, [ht.. AND 


Tuomas C. Gruss, Pu.D.. BALTIMORE, Mp. 


aaa agglutination tests for undulant fever may be interpreted 
several ways, since a positive test may indicate an active, latent, or past 
brucella infection, or a nonspecific reaction resulting from the presence 
other infectious diseases.'’:? Amoia* has recently demonstrated experimental! 
that the anamnestic phenomenon may account for the finding of brucella 
elutinins in the presence of other infectious diseases. 

According to Topley and Wilson* the sera of normal persons may « 
tain brucella agglutinins in a titer of from 1:50 to 1:100, though the status o 
‘normal’? person regarding exposure to brucella infections is rather preeariots 
in view of the now well-recognized widespread incidence of Bang’s disease. Th 
reports of Carpenter, Boak, and Chapman,’ Evans® and Scoville’ make it evid 
that a negative brucella agglutination test by no means excludes the possibil 
of even an active brucella infection. To add to the confusion, various w 
ers are not agreed upon the agglutination titer which should be considered 
diagnostic significance.2. Lack of uniform technique in performing the agglut 
tion test is probably responsible for this disagreement upon what constitt es 
a significant diagnostic titer. 
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It is thus apparent that the clinical significance of the results of a brucella 
agglutination test is equivocal. This is particularly unfortunate, since the pro- 
tean symptoms of undulant fever may be easily confused with those of many 


other infectious febrile diseases.” and in many cases the physician is forced 





to depend entirely upon a laboratory test, usually the agglutination test, for the 
final diagnosis. 

Our attention was first drawn to the problem of the reliability of the agglu- 
tination test for undulant fever some time ago when it was found that a small 
percentage of blood samples sent to the state health department laboratories from 
it municipal tuberculosis sanatorium®* contained brucella agelutininst in a high 
titer. Since, so far as we are aware, no study had been made in this country of 
the possibility of falsely positive brucella agglutination tests being obtained with 
the sera of tuberculous individuals, it was decided to investigate this problem. 
The method emploved in this work gave us information regarding the general 
reliability of both the positive and negative brucella agglutination tests, as well 


as data on the presence of brucella agglutinins in tuberculous sera. 


METHOD OF STUDY 


Krom 1930 to 1935, positive brucella agglutination tests were obtained with 
e sera of 405 patients submitted to the main Jaboratories of the Division of 
Laboratories of the Ilinois Department of Public Health. It was believed that 
the number of patients who had any evidence of tuberculosis and no symp- 
oms of undulant fever could be determined, the possible serologic relationship 
these two diseases or the presence of nonspecific agglutinins might be de- 
eted. Accordingly, a carefully worded questionnaire was sent to all physi- 
ans who had submitted blood samples giving a positive brucella agglutination 
st during this five-vear period. The information requested in this question- 
re was as follows: 
Patient ’s name, age, sex and race. 


vglutination test was obtained. 


Occupation at the time the positive ni 


Final elinieal dingnosis—was it undulant fever? 


Answer ves or no. 
id the patient have typhoid fever, paratyphoid fever, tuberculosis, or tularemia six 


onths befere or after the positive brucella agglutination test was found ? 


will be noted that we have purposely included several diseases other than 


erculosis in the last question, so that the clinician would gain no elue as to 


purpose of this questionnaire. Information was obtained concerning 327 
the 405 patients, the remaining number being unaccounted for through death 
the physician, failure to make a elinieal follow-up, or failure to return the 
stionnaire. 

Reliability of the Positive Undulant Fever Agglutination Test.—The in- 
lation obtained from the returned questionnaires is summarized in Table I. 


We are indebted to Dr. M. Pollak, Medical Director of the Peoria Municipal Tuberculosis 
rium, for sending us blood samples and data on the physical findings and diagnosis of 
tients 
For the purpose of this report we have assumed that any serum which produces a positive 

igglutination test contains brucella agglutinins, though we realize that this is not 
ivily true, for agglutination of the brucella antigen may take place in the absence of 
brucella agglutinins. 
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PABLE | 
CORRELATION OF CLINI MAGNOSIS WITH RESULTS OF THE POSITIVE AGGLUTINATION TEST 
Per cent 

No. of patients with a Positive agglutination test 27 
Positive agglutination test confirmed by clinical findings man S154 
No. of patients in whom the diagnosis of undulant fever was uncertain | o.O7 
Positive agglutination test not confirmed by elinical findings 1G So 
Positive agglutination in patients th typhoid tever | 1.22 
Positive agglutination in patients with tuberculosis o5 7.64 
Positive agglutination in uncertain cnses of tuberculosis ) O90) 
Positive agglutination in patients with par: typhoid fever 
Positive agglutination in patients with tularemia () 

In this paper only glutination tests witl titer of 1:160 or above are included. How 

it is our poli to report to the physician a titer of L:S0) as “doubtful positive ind re 
quest another specimer Tests with titer below 1:S0 are reported a “negative 


The table indieates that in slightly over SO per cent of the cases the clinical 
diagnosis agreed with the results of the agglutination test. If the physician 
Was uncertain about the diagnosis, he was asked to indicate this fact in the ques 
tionnaire. As the table shows, the diagnosis was uncertain in about 4 per cent 
of the brucella cases and in 0.90 per cent of the tuberculosis cases. The number 
of these uncertain diagnoses is not large enough to affeet any general conelu 
sions which Meas be drawn from the data 


») 


It should be especially noted that the sera of 25 tuberculous individuals, 


all from the above-mentioned tuberculosis sanatorium, gave positive brucella 
agelutination tests, the titers ranging from 1:160 to 1:2560. The possibilits 
that these positive tests were false or nonspecific results will be diseussed in 
one of the following sections. If we assume for the moment that these tubereu 
lous patients also had unrecognized, latent, or past cases of undulant fever, then 
the reliability ot the positive agelutination test heeomes 88.50 per eent: if we 
omit these 21 cases altogether, then the reliability of the positive test heeomes 
SS.98 per cent. 

Sinee the original report of Francis and Evans,’ it is usually stated in 
the literature that there may be a cross agglutination between brucella and 
tularemia agglutinins. It is, therefore, of interest to note that of the 327 sera 
containing brucella agglutinins, not one was reported to have come from a pa 
tient with tularemia. although from 130 to 150 eases of tularemia are reported 
in this state annually. Only a negligible percentage of persons with typhoid 
fever and none with paratyphoid fever gave a positive brucella agglutination 
test. The number of persons having a positive brucella agglutination test, who 
were reported definitely not to have had brucellosis, was 16, or 4.89 per cent 
of the total number of cases. It appears, therefore, from our data, that a posi 
tive brucella agglutination test may be relied upon to indicate clinieal undulant 
fever in about 81 per cent of the eases: if there is no suspicion of tubereulosis, 
a positive test is reliable in about 89 per cent of the cases. 

Reliability of the Negative Agqglutination Test.—Since it is obviously of 
equal clinical importance to know the reliability of the negative as well as the pos 
itive agglutination test for undulant fever, we prepared a suitable questionnaire 
to obtain information regarding the elinical diagnosis of patients whose sera gave 
a negative agglutination test. This questionnaire, requesting the following 
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information, was sent to all physicians who had submitted, during the past six 


months. sera eivine a negative brueella agelutination test. 


Putient’s mame, age, and sex, 


Final clinieal dingnosis. 


When no diagnosis was made, any of the following signs or symptoms that the patient 


ad were to be checked. 


Fever (continuous or intermittent), weakness, pains (location), sweating, chills, loss of 
weight or appetite, nervousness, constipation. 
Additional information supplementing the above data was also solicited. 


The purpose ol this questionnaire was to determine the correlation between 
the negative agelutination test and the clinieal diagnosis. In those cases where 
the diagnosis was uncertain, it was hoped that by checking any of the most fre- 
quently observed signs or symptoms listed by Hardy and co-workers! we might 
he able to deteet an unsuspected case of undulant fever. Information regard- 


3o8 patients was obtained and is summarized in 


ing the elinieal diagnosis o 


Table I] 


| ae 
Corni ION OF ¢ INI DIAGNOSI \\ RES! eo He NEGATIV AGGLUTINATION TES 
No. ol patients with nm negnutive avglutinution test =e 
Negative agglutination test confirmed by elinieal findings pad a. S6O.2 per cent 
Negative agglutination test in patients with ¢ clinical diagnosis of 
undulant fevet 
Serna obtained less than two weeks after onset 
Serna obtained later than two weeks after onset = 
Date of onset not given 11 
iD 58 per cent 
No. of patients without a definite linienl diagnosis but with symptoms 
SUL LESTIVE at Ineiulant reve pad Ss.) per eent 


Our results indicate that in at least S6 per cent of the cases a negative ag- 
elutination test substantiated the physician's diagnosis. In 5.8 per cent of the 
cases the physician stated that the patient had undulant fever. It will be noted, 
however, that in at least three of these eases the blood sample was submitted 
before agglutinins might have had time to develop. It is also probable that this 
time faetor was not considered in some of the eases where no date of onset was 
recorded by the physician. Some 8.0 per cent of the patients, for whom the 
physician could give no definite diagnosis, had symptoms suggestive of undulant 
fever, but we naturally hesitate to hazard a guess as to how many of these pa- 
tients were actually suffering from elinical undulant fever, From a general con- 
sideration of the requested and supplementary information obtained from these 
questionnaires, and from our own previous experience, we feel that in our hands 
the negative agelutination test for undulant fever will agree with the elinieal 
diagnosis in at least 90 per cent of the cases. 

Cross Aqglutinations.—The serologist performing diagnostic tests is ever 
mindful of the possibility of cross agglutinations as a source of false positive 
tests. We considered it of more than academie interest to analyze our data for 
the purpose of determining just how seriousl\ cross agelutinations affeet the re- 


liability of the brucella agglutination test. Our laboratory records show that 
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out of the 314 sera submitted for typhoid and brucella agglutination tests, 5, or 
1.6 per cent, of the sera gave cross reactions. Out of 394 sera submitted for 
brucella and B. proteus X19 agglutination tests, 13, or 3.8 per cent, showed 
cross agglutinations. Of the 71 sera examined for paratyphoid A and brucella 
agglutinins, 74 for paratyphoid B and brucella agglutinins, or 14 for tularemia 
and brucella agglutinins, no cross agglutinations were observed. Thus, out of 
the 867 sera examined for brucella and other agglutinins only 18, or approx 
imately 2 per cent, showed cross agglutinations. It should be emphasized that 
even these so-called cross agglutinations might have been true agglutinations due 
to the presence of past, latent, or active brucella infections in patients with 
typhoid, paratyphoid fever, ete. In practice where such cross agelutinations 
occur it is frequently necessary to examine several samples from the patient 
hefore determining which agglutinins are of diagnostie significance. 

Before discussing the significance of a positive brucella agglutination test 
in tubereulous individuals, we believe it is important to outline briefly the 
technique of the brucella agglutination test performed in our laboratories during 


the period covered hy this study. 
TECHNIQUE OF AGGLUTINATION TEST 


\ polyvalent antigen of 5 brucella strains (B. abortus No. 456 and B. melitensis No 


128 from the National Institute of Health; B. melitensis No. 504 and B. abortus No, 229 fron 


the Universitv of Illinois: B. suis No. 71 from the University ot Chicago is prepared hy 


growing these strains separately on Difco liver infusion agar for forty-eight hours at 37° ¢ 


The growth of each strain is washed off the slants with 0.85 per cent sodium chloride, and 
the turbidity of each suspension is standardized to conform with a No. 8 MeFarland bariu 
sulfate nephelometer. Equal parts of each suspension are then mixed and enough formalir 
added to give a final concentration of 0.05 per cent. In performing the test, 0.25 e.e. of the 
antigen is added to 0.25 e.e. of the diluted serum (final serum dilutions of 1:40 to 1:128 


are routinely used) in each agglutination tube, and the tubes then incubated four hours in 
a 57° C. water bath. The tubes are next removed from the water bath and placed in the 
57° C,. incubator for eighteen to twenty-four hours before reading the tests. All of the ag 


glutination tests reported in this paper were performed by one individual. 


Since the finding of falsely positive brucella agglutination tests has fre 
quently been attributed to the use of strains containing a rough antigen, wi 
tested the thermoagglutination of all of our strains according to Burnet’s 
technique. None of the strains used in our brucella agglutination tests showed 
any evidence of thermoagglutination, which is usually interpreted as indieating 
the absence of rough antigen. Although it seems to be now generally agreed 
that ‘‘no advantage is obtained through the use of separate or combined an 
tigens’’ (Huddleson'*) and that an antigen made of B. abortus is satisfac 
tory for detecting agglutinins produced by all three species of brucella, w 
have continued to use the polyvalent antigen since it has given us such satisfac 
tory results. In this connection it may be of interest to note that in a recent 
publication by Higginbotham and Heathman"™ they state that ‘‘The result 
support the contention that a polyvalent antigen including some loeal strain 


should be employed in the routine serological examination for undulant fever.’ 
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BRUCELLA AGGLUTININS IN TUBERCULOUS INDIVIDUALS 


So faras we know, there has been no specifie study made in this country to 
determine the possibility of finding falsely positive or nonspecific brucella ag- 
elutinins in the sera of tuberculous persons. In the recent report of Stone and 
Bogen'’ concerning the incidence of undulant fever in three tuberculosis san- 
atorlums, it was tacitly assumed that a positive agglutination test in the tuber- 
culous inmates indicated an active, latent, or past brucella infection. If the 
possibility of nonspecific ageglutinations had been considered in their work, the 
discrepancies between the skin tests and the agglutination tests, and the ap- 
parently rapid disappearance of brucella agglutinins might not have been so 
puzzling. 

Within recent vears several Italian workers have studied the incidence of 
brucella agglutinins in the sera of tuberculous persons. Magliulo'® found ag- 
vlutinins for Bo melitensis and B. paramelitensis in the sera of 30 of the 60 
patients examined. He coneluded that these results were explained by the fact 
that the tuberele bacillus and B. melitensis and B. paramelitensis contained a 
common group antigen. The validity of Magliulo’s conclusions is questionable, 
since he did not test his brucella strains for the presence of a rough antigen, 
and sera from many patients with nontubereulous diseases, such as endocarditis, 
psoriasis, puerperal fever, syphilis, carcinoma, ete., also agglutinated B. meliten- 
sis in titers of 1:100 to 1:150. Sanfilippo'’ examined the sera of 132 tuberculous 
patients to deteet agglutinins for B. melitensis and B. paramelitensis. The 
melitensis strains were agglutinated only by the sera of two patients not show- 
ing ¢linieal brucellosis, but many of the sera contained agglutinins for B. para- 
melitensis. One of the paramelitensis strains was agglutinated by 33 of the sera, 
another by 76, another by SO, and the fourth strain was agglutinated by 103 of 
the 132 sera. On the other hand, Morellini'* did not find any agglutinins for 
B. melitensis or B. abortus in the sera of 60 open eases of tuberculosis. He be- 
lieved that the positive results obtained by others were due to the use of old 
strains for antigens or that there were dual infections of tuberculosis and un- 
dulant fever. 

The relationship between brucella and tuberculous infections was studied 
wv Sarnowiec!® through the use of the allergic reaction in guinea pigs, eattle, 
nd human beings. He found that tuberculous animals frequently gave a 
positive reaction to abortin, but animals infected with B. abortus reacted slightly, 
rv not at all, to tuberculin. 

The meager and conflicting literature on the problem of brucella agglutinins 
n tuberculous persons does not permit any general conclusions to be drawn 

the present time. It is hoped, however, that this report will offer additional 
nformation and stimulate further investigation of the problem in this country. 

Between 1930 and 1935, our laboratories performed brucella agglutina- 
ion tests on blood samples from approximately 650 patients shortly after they 

ere admitted to the municipal tuberculosis sanatorium previously referred to. 
to brueella agglutinins were found in 629, or 96 per cent, of these sera. The 
ajority of the 25 patients whose sera gave a positive agglutination test on the 
rst examination, gave an entirely negative result when their sera was retested 






ter a short interval. For example, one patient’s serum showed a titer of 
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1:2560 on the first test, and four days later no brucella agglutinins could be 
demonstrated in the serum of this same patient. Another patient had a titer 
of 1:1280 on the first test, and seven days later the test was completely neg- 
ative. These puzzling results were obtained despite meticulous care to maintain 
a uniform technique through the use of the same antigen, dilutions, incubation, 
ete. It was noted that in the majority of these agglutinations with tuberculous 
sera, the agglutination was of the finely granular type. 

In order to determine whether or not we would obtain similar results from 
another tuberculosis sanatorium, samples of blood were obtained from 102. pa- 
tients at the Chicago Municipal Tuberculosis Sanatorium.* Approximately 9 
per cent of these sera gave positive brucella agglutination tests; and the ma- 
jority of these sera showed a much lower titer or were completely negative 
when retested seven to ten days later. Eight of the patients whose sera gave a 
positive brucella agglutination test and 14 patients whose sera gave a negative 


test were given an intradermal injection of ‘‘Brucin.’*+ None of these pa- 


tients showed a positive skin test. We also obtained sera from 28 patients in 
another county tuberculosis sanatorium, but none of these gave a positive ag 
elutination test.t 

The milk used at the Peoria institution was certified raw milk. The ag 
elutination tests, however, were performed within a few days after the patients 
had been admitted, so that even if there were some undetected cows infeeted 
with Bang’s disease in the herd, it is very improbable that the patients had be 
come infected and owed their agglutinins to this souree. Carpenter, soak, and 
Chapman® reported that brucella agglutinins are not passively transferred in 
milk, so that the presenee of brucella agglutinins in the patients shortly after 
their admission probably could not be accounted for on the basis of passive 
transfer through the drinking of milk containing brucella agglutinins. Pas 
teurized milk is supplied to the patients at the Chicago sanatorium, so that 
there is also probably no chance for infection through this route in this institu 
tion, 

The results of our investigation indicate that the sera of a small pereentag 
of tuberculous individuals may show a transitory brucella agglutinin content 
We believe that these agglutinations should be considered as false positive o1 
nonspecific results since it is inconceivable that an agglutination titer of 1:2560 
or 1:1280 should completely disappear within the course of a few days, if we 
are dealing with a true brucella infection. The well-known phenomenon of 
the disappearance of antibodies from the blood stream in the agonal period is 
not pertinent here. The absence of a positive skin test in those patients teste: 
is considered further evidence that we were dealing with a nonspecific agglutin: 
tion phenomenon. It is not believed that the hypothecated common grou) 
antigen of the tuberele bacillus and the brucella organisms could explain our 1 

: We wish to express our indebtedness to Dr. Allan J. Hruby and Dr. H. C. Sweany 
supplying us with samples of blood. 

‘The Brucin was obtained through the courtesy of Dr. I. F. Huddleson, and the skin t 
were performed by Dr. M. R. Lichtenstein of the Chicago Municipal Tuberculosis Sanatorium. 


We are indebted to Dr. D. O. N, Linberg, Medical Director of the Macon County Tube 
culosis Sanatorium for sending us these sera. 
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sults, for if such were the case, we would not expect the complete disappearance 
of agglutinins within a short time. It is possible that in those cases where the 
agglutination titer did not disappear upon repeated testing, the tuberculous pa- 
tient also had an unrecognized case of latent or past undulant fever contracted 
before entering the institution. Since a recent survey by the Bureau of An- 
imal Industry of the United States Department of Agriculture* showed that 
from 20 to 30 per cent of the eattle in Illinois have Bang’s disease, and Torrey 
and Graham?’ isolated brucella organisms from 50 per cent of 62 raw milk 
samples collected in widely distributed counties in Illinois, it is quite possible 
that these patients obtained their brucella infection before entering the institu 
tions. 


BRUCELLA AGGLUTININS IN TUBERCULOUS GUINEA PIGS 


In order to determine if the presence of brucella agglutinins could be dem- 
onstrated in animals experimentally infeeted with tubercle bacilli, the following 


study was carried out: 


The two weeks’ growth of a stock strain of the human tubercle bacillus on Petragnani’s 
medium was washed off with saline and ground in a mortar to obtain a homogeneous sus 
pension. Approximately 500,000 tubercle bacilli were injected subcutaneously into the left 
inguinal region of 25 guinea pigs. Samples of blood were taken from each animal by cardiac 


puncture before and at intervals of two weeks after inoculation of the tubercle bacilli. It 


was originally planned to keep the animals that did not die of tuberculosis for a period of 
three months, but due to the excessive summer heat (105° to 110° F. in the animal quarters), 
all of the animals died about nine weeks after inoculation. Using the teclinique previously 


outlined, the sera from these animals were examined for the presence of brucella agglutinins. 
All animals were autopsied tor Toss evidences of tuberculosis, and smears made of the 


ffected organs to detect the presence ot tuberele bacilli. 


None of the animals showed brucella agglutinins in their sera before in- 
iectinge the tubercle bacillus, but four showed agelutinins after the inoculation. 
Table III shows the time and titer of the agelutinins found in these animals. 


TABLE ITI] 
POSITIVE BRUCELLA AGGLUTINATION TITERS IN SERA OF GUINEA PIGS INOCULATED WITH 
HUMAN TUBERCLE BACILII 
MIME INTERVAL AFTER INOCULATION WILEN BLOOD WAS TAKEN 

IMAL NO. 2 WEEKS ! WEEKS 6 WEEKS S WEEKS 
6435 ‘) 1:S0 ‘j 0) ) 

\-18 1:40 1:160 iD 1:640 
657 1:40 1:160 0) 0 

579 1:40 ( 0 0 


ese results lend experimental confirmation to our findings in human beings, for 
ella agglutinins were found in the sera of tuberculous guinea pigs, and the 
elutination titers were irregular and of a transient nature. It is interesting 
note that in seven of the guinea pigs, no gross evidences of tuberculosis 
re observed, and no tubercle bacilli were found in stained smears of lymph 
les, spleen, liver, and lungs. It is possible that the infection had not ad- 


need far enough in nine weeks to be deteeted by our methods of examination. 


*Report not yet published. 
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Of the four animals showing brucella agglutinins, only one (A-18) showed the 
pathologie changes of tuberculosis. Apparently a progressive infection is not 
necessary to cause the production of nonspecific agglutinins for brucella or 
ganisms. 


DISCUSSION 


Since the agglutination test for undulant fever has not vet had the test of 
time in this country that the Widal test and other serologic procedures have, 
the reliability of its results is frequently questioned. Hlowever, our study has 
revealed the fact that a positive test may be relied upon in 81, and perhaps 89, 
per cent of the cases, and the negative test in about 90 per cent of the cases. 
This is a high degree of reliability when it is realized that in a recent study on 
the serologic diagnosis of syphilis conducted by the United States Public Health 
Service and earried out by many of the country’s leading serologists, it was 
found that positive results were obtained in only 65 to SS per cent with known 
svphilitie sera. It may be objected that our method of determining the re 
liability of the brucella agglutination test is inherently fallacious, since, as we 
have already pointed out, the physician is frequently forced to base his final 
diagnosis solely on the laboratory examination of the patient’s blood. We do 
not believe, however, that this eriticism is valid, since in the majority of cases 
the elinieal information was obtained from the physician several months, and in 
most instances several vears, after the positive agelutination test was r ported 
Thus there was usually ample time to deteet and diagnose other diseases whic! 
might have been mistaken for undulant fever. 

Our results indieate that cross agglutinations with serum containing ae 
elutinins for B. typhosum or B. proteus X19 may be expected in about 4 per 
cent of the cases, but this does not constitute a serious limitation to the reliability 
of the test, as subsequent blood samples from the patient in question will usually 
show an increase in titer of agglutinins for the mfectious agent causing thi 
illness. 

From our present work it appears that the sera from tubereulous ind 
viduals may produce a positive brucella agglutination test at desultory inte) 
vals. This finding is supported by the results obtained with experimentally i 
fected guinea pigs. 

The phenomenon of nonspecific agglutination by tuberculous sera is not nes 
for Hull and Henkes** ** reported it to occur with B. typhosum and B. dys 


* also found that several members « 


teriae (Flexner). Hull and associates? 
the paratyphoid group were agglutinated by sera from tuberculous perso! 
Apparently there is some nonspecific agent in tuberculous serum which, und 
certain conditions, is capable of causing the agglutination of a variety of bi 
terial antigens. 


SUMMARY 


1. In order to determine the reliability of the agglutination test for 
dulant fever, information concerning the symptoms and clinical diagnosis 
patients whose sera had been examined for brucella agglutinins was obtai! 


through questionnaires sent to the attending physicians. 
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yd The results ot the positive age lutination test for brucellosis agreed with 


the clinicians’ diagnosis in 81 to 89 per cent of the cases; the negative agelu- 
tination test was substantiated by the elinical diagnosis in about 90 per cent of 
the cases. 

3. An analysis of our data indieated that eross agelutinations were ob- 
tained in about 2 per cent of the sera containing agelutinins for Bo lyphosim or 
B. proteus X19. The possibility that these results may not have been due to 
true cross agelutinations is discussed. 

t. Brucella agglutinins were found in approximately 3 per cent of 650 
sera from the patients in one municipal tuberculosis sanatorium and in 9 per 
eent of the 102 sera from the patients in another tuberculosis sanatorium. The 
transient and irregular behavior of these ageglutinations and the absenee of 
positive skin tests indieated that they were probably nonspecifie or false re 
actions. 
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The nonhemoglobin fractions of blood iron dealt with by Warburg and 
Krebs" and by Klumpp'*? may be considered as comparable, if not identical, 
with the labile iron of Barkan. Klumpp found 2.2 mg. of nonhemoglobin iron 
as a mean value in whole blood, making up a mean percentage of 5.3 of the 
total iron. His thesis is that the variability of this nonhemoglobin iron (in both 
cells and plasma) precludes the possibility of accurate hemoglobin analysis by 
any iron method. Josephs'® found somewhat more nonhemoglobin iron (3 meg. 


per 100 ¢e.) in whole blood, and more recently Josephs and Winocur™ have 





demonstrated that this nonhemoglobin fraetion of iron in the red disks is in- 
creased under certain conditions without a simultaneous increase in the labile 
iron of Barkan. This brings up the possibility of still other fractions of non 
hemoglobin iron, whieh await more definite characterization. Moore’ has re- 
cently summarized the literature on the quantitative determination of the labile 
iron in whole blood and given the results of his own analyses which show that 
from 2.4 to nearly 10 per cent of the iron in normal whole blood is ‘easily 
split-off.”” the percentage apparently depending somewhat upon the mineral 
acid used, and the method of separation. 

This study deals with the iron of human blood serum, which consists, ac 
cording to Barkan’s latest formulation, chiefly of ferrie iron in combination with 
serum globulin. This concept agrees with the observed facts that serum iron 
is not ultrafiltrable unless acidified,’ is partially removed by precipitation of 
the proteins,’® but still gives some of the reactions of inorganic iron.'* Moore’ 
has shown that the amounts of iron in serum and plasma are essentially identical, 
provided the separation is made within an hour. Longer standing of blood 
before separation will result in a measurable transfer of iron from cells to plasma 
or serum.” Moore, Doan, and Arrowsmith's assign to plasma iron the funetion 

‘transport: it represents an equilibrium of rates of iron intake, utilization, 
nd exeretion. 

Several methods have been proposed for the measurement of serum or 
lasma iron. The possibility of contamination with hemoglobin has occurred 
» all investigators of this fraction, and several procedures have been used to 
minate it. Binge and Hanzal'® corrected their values by carrying out a 
etermination of hemoglobin by the quantitative benzidine method of Bing.* 
loore’® used a similar procedure. The use of benzidine in this manner is open 

the objection that benzidine is not a speeifie reagent for hemoglobin, but 
sponds to any substanee which has a peroxidase action, including iron itself 
the ferric state. A solution of ferrie pyrophosphate of the same concentra- 
n of iron as normal human blood serum (0.1 mg. per 100 ¢.¢.) will give a 
teetable blue color with the benzidine reagent used by Moore. In the majority 

Moore’s analyses the correction was of the order of 1 per cent of the total 

im iron, which is insignificant considering the error of the iron analysis 

lf. Other workers have used trichloracetice acid filtrates of serum or plasma. 
\\ th this method hemoglobin is precipitated and cannot interfere. The objection 

he use of trichloracetic acid is that a variable amount of nonhemoglobin iron 
emoved in the precipitation; this was first noted by Fowweather’® and con- 
ed by Moore.' 





In view of the unsatisfactory outcome of attempts to cor- 
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rect for the very small amounts of hemoglobin possibly present, the figures in 
this study are not corrected: any specimens showing visible or spectroscopic evi- 
dence of hemolysis have been excluded. 

The first experimental phase of this study was concerned with the develop 
ment of a method permitting the examination of sera with accuracy and reason 
able speed. The method developed was a modification of that of lFowweather. 
It differs from the original method in the following respects: serum is used 
rather than oxalated plasma; the use of platinum is obviated; complete oxidation 
to the ferric state is assured by the use of persulfate; the color is more stable ; 
the Evelyn photoelectric colorimeter is used for readings. 

Procedure for Serum Iron.—Two ceubie centimeter samples of unhemolyzed 
serum are digested in pyrex test tubes (graduated at 20 ¢..) with 1.5 ¢e«. of 
concentrated sulfuric acid. A glass bead is adequate to prevent bumping. The 
digestion may be carried out slowly on a sand bath or rapidly by the direct 
flame of a microburner. When the mixture is well charred, 30 per cent hydrogen 
peroxide is added in 0.5 ¢.¢. amounts, repeating as often as necessary, with con- 
tinued heating, to produce a solution which remains clear and colorless. Usually 
three additions are required. A control tube containing 1.5 ¢.c. of concentrated 
sulfurie acid should: be carried along with the others and should reeeive the 
same amount of peroxide. When the contents of the tubes is clear and cooled 
to room temperature, the volume is made up to 20 ¢.e., and to each tube is added 
1 c.e. of saturated potassium persulfate solution and 4 ¢.¢. of 3 N potassium 
thiocyanate solution. These two solutions are prepared as prescribed by Wong 
The colored solutions may be read in an ordinary colorimeter against a standard 
prepared by using 0.5 ¢.c. of a standard iron solution containing 0.01 mg. iron 
per ¢.¢., made up in a similar tube to 20 ¢.¢. volume, and to which identical 
amounts of persulfate and thiocyanate solutions have been added as to the 
unknowns. The Evelyn photoelectric colorimeter obviates the difficulty of com 
paring by eve readings the rather faint colors that are developed. The optimum 
filter for iron thiocvanate colorimetry would be at 480 my.*? The 520 my 
filter used for ereatinin determinations has given entirely reproducible results 

Normal Values for Serum Iron.—Blood sera from 12 medical students wer 
examined. The highest value found was 0.23 mg. iron per 100 ¢.e. serum, the 
lowest value 0.04 mg., the mean value 0.13 me. 

Comparison of these values with those of Moore’? and of other invest 
gators as tabulated in his recent paper shows that there is fairly general agre: 
ment in regard to the normal values for human blood serum iron. Our maximu 
value is somewhat higher than that observed by Moore, agreeing more close] 
with that of Tompsett ;'* our minimum is very slightly lower than Moore’s, at 
in agreement with Guthmann, Briickner, Ehrenstein, and Wagner.** Recent! 

Jenkins and Thompson,*’ using the thioglveollic acid method, reported mu 
more iron in the plasma than is generally accepted, and also a marked sex diff 
ence unconfirmed by other workers. The most extensive report on blood ser 
iron published to date is that of Heilmeyer and Plétner.*° They find an avera 
value in males of 0.126 mg. per 100 ¢.ec., which is in agreement with our avera 
value of 0.138 mg. They also observed a sex difference, but it was small and « 
posite in direction to that reported by Jenkins and Thompson. 
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Serum Tron in Pernicious Anemia.—The suggestion that the nonhemoglobin 
iron of the blood serum might be inereased in pernicious anemia is an old one. 
It was first expressed by Erben,® later by Fowell.’ Riecker®® and Marlow and 
Taylor®® investigated the question, but came to conflicting conclusions. Locke, 
Main, and Rosbash'" studied 8 cases of pernicious anemia and found high values 

not beyond normal limits) which decreased under liver therapy. Moore, Doan, 

and Arrowsmith'* tabulated 10 cases of pernicious anemia, of which 5 showed 
serum iron values above normal. Heilmeyver and Plétner®’ classify pernicious 
anemia among the hemolytic anemias, reporting 8 cases. Only one untreated 
case shows a value above their normal range, but all are high in the normal 
range, and show a deerease in response to liver therapy. The same lowering of 
serum iron levels following treatment is demonstrated by Moore, Doan, and 
Arrowsmith; in one case where liver was temporarily discontinued there was 
a return toa high value. 

This present study adds two untreated cases and several treated cases of 


pernicious anemia. 


Mr. Mel... aged 46 vears, entered the hospital with $6 per cent hemoglobin and 1.6 
llion red blood cell count; his serum iron was 0.27 mg. the dav before liver therapy was 
begun. Subsequent values are shown in Table 1. 
C., aged 36 years, was admitted with 27 per cent hemoglobin and 1.01 million red blood 
ell count: her serum iron on admission was 0.30 me. Her course is shown also in Table T. 
rABLE I 
REATMEN' SERUM IRON MG. PER 100 C.C.) 
Mel. ( 
9 0.28 
0.26 
yy IS 
pe 0.22 
| 0.11 
vip 0.13 
li 0.14 
IS 0.12 
19 0.09 
22 0.10 0.09 
YQ O08 
o1 0.08 
19 0.08 
59 0.13 
QT 0.14 


lifteen serum iron determinations have been made in cases of pernicious 
nemia under treatment; of these, only two have been above the normal range. 
nh one case, treatment had been obviously inadequate (hemoglobin 49 per cent, 
d blood cell count 1.9 million). His serum iron level was 0.26 mg. per 100 
«., dropping to within the normal range after one week of adequate treatment. 
e other case had the same serum iron level; treatment, previously adequate, 
id been discontinued. His blood count was not markedly abnormal (hemo- 
obin 97 per cent, red blood cell count 4.4 million). 
In summarizing the observations in pernicious anemia we may note: un- 
ated cases show uniformly high values, often slightly above the normal range ; 
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one week of adequate liver therapy will bring the values down to within normal 
limits; lapsed or inadequate treatment will result in increased values, sometimes 
exceeding the normal limit. 

Serum Tron in Hypochromic Anemia—Animal experiments with horses 
and with rabbits®* have indicated that hemorrhage will result in depletion of 
serum or plasma iron. Barkan" has repeated some of these experiments and has 
shown that a decrease in plasma iron may be observed even when the hemoglobin 
and red blood cell count are not appreciably affected. 

Riecker®’ investigated a number of clinical eases of secondary anemia and 
found low serum iron values. THis values in general deviate so widely from the 
findings of other workers that his evidence is hardly admissible. Locke, Main, 
and Rosbash'’ report 2 cases, with serum iron values of 0.015 and 0.04 me., 
respectively. Moore, Doan, and Arrowsmith'® report 14 cases of hypochromic 
anemia, all but 3 with serum iron values below normal. Heilmever and Plotner 
report 7 cases of acute anemia following hemorrhage, and 12 cases with chronic 
hemorrhage. The serum iron values fall between 0.01 and 0.04 me. per 100 ee. 

Observations made at the Evans Memorial on patients with hypochromic 
anemia show that low serum iron values are the rule; values below the low normal 
limit (0.04 me.) are uncommon. There is a consistent tendenes for Inerease in 
serum iron values following successful treatment or cessation of blood loss. The 


findings in hypochromic anemia are summarized in Table IT. 


LE Il 
CASE SERUM IRON ILEMOGLOBIN 
MG. PER 100 c.c. PER CE} 
J. Hemophilia with reetal bleeding 0.03 245 
Treated with iron and transfusions 
three months late 0.25 9] 
‘i \nemia associated with diabetes and hypertension 0.03 Gs 
After seven days’ iron therapy 0.08 78 
IX. Nutritional anemia: chronic cholecystitis and 0,03 74 
multiple neuritis 

4 Carcinoma of pharynx 0.03 61 
. Carcinoma of stomach 0.04 1 
W. Duodenal uleer, after hemorrhage 0.04 GR 
One month later O15 104 
H. Ulcerative colitis 0.06 58 
3. Chronie nephritis 0.09 5D 
g. Pyonephrosis and neplirolithiasis 0.08 
QO. Toxemia of pregnancy 0.05 62 
After six weeks of iron therapy 0.08 75 
Cc. Hematemeses O13 58 
One month later 0.22 Sd 


Serum Lron in Other Types of Anemia.—Several cases studied did not p 
mit easy classification, but showed such marked variations from the normal, : 


regards serum iron, that they deserve recording. 


Mr. C., aged 83 vears, was admitted November 24, 1936, and discharged Decembe1 
He was followed as an outpatient for a time, was readmitted March 29, and died April 
1957. He had an anemia with achlorhydria, which improved slightly under liver therapy, | 
Without reticulocyte response. He was followed for a time after his first discharge, t 


failed to appear for treatment. After about two months, he returned in much worse condit 
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was readmitted, and died after a few days in the hospital. The anatomie diagnosis was 
‘profound anemia tvpe undetermined in gross).’" The bone marrow sections were ex 


amined by Dr, Charles k’, Branel tne hy severnl other pathologists : the opinion Was eon 


sistently given that there was a toxie depression of bone marrow activity, probably from in 
fection, Although he apparently did not have pernicious anemia, the patient ’s serun iron 
figures are similar to those seen in pernicious anemin cases, 


Nd Mu Tron VA - A CASE oF ToXxtc DEPRESSION Of} BON] \MIARROW 

HEMOGLOBIN RED BLOOD CELL COUNT SERUM IRON 
PER CEN’ MILLIONS MG. PER 100 C.c. 

Noven ber 24 eof 1.3 

November (} 52 Le 116 

December 7 Z 2.0 0.42 

January 9 10 9) 0.21] 

January 19 14 AY 0.25 

January 26 12 24) O10 


Mareh 30 24 12 0.25 
It seems reasonable to believe that the reason for the high serum iron values 
is the same in this ease as in pernicious anemia; adequate iron supply and 
storage with deficient utilization by the bone marrow. In both situations there 


s also the possibility of inereased blood plement destruction. 


Mrs. G., need 40 veurs, Was admitted February | and discharged \pril 94, 1937, with a 


nosis of aplastic anemia, for whieh no definite cause was established. Her anemia was 
perchromic, with free hydrochloric acid present in the gastrie contents. She received liver, 
n, and several transfusions during her stay in the hospital, and was discharged not greatly 
oved, From the viewpoint of the behavior of the serur iron her ense is somewhat 
to the preceding one, Feb. 5, 1.6 mg. iron pe 100 ee. serum: Feb. 20, 0.85 me: 

25, OS mg.; March 1, 0.81 mg.: April 1, 0.27 me 
Mr. I’. aged ot vears, Was ndmitted September 24. 1930, He had tt livperchromic 


in, reticuloeytosis, achlorhvdria, enlarged liver and spleen, and serologic evidence of 
ilis, He was deeply jaundiced. Treatment with iron, liver, and transfusions did not 


to any great improvement. He was discharged November 18, with diagnoses of tertiary 


lis and acquired hemolyt jaundice, His hemoglobin varied between 24 and 52 per cent, 
red blood cell count from 0.9 to 1.2 million. Serum iron determinations: September 94, 
tf me.; October 7, 0.28 me.: October 16, 0.21 me.; October 26, 0.23 me: October 29, 0.41 

November 9, 0.76 me.: November 15, 0.54 me. The excessive iron in his serum might 
mably be attributed to his accelerated rate of blood pigment destruction, 


Serum Tron in Erythremia—Two eases of untreated polycythemia vera 
re reported by Moore, Doan, and Arrowsmith,'* both showing low normal 
els. We have had opportunity to study two cases; in one ease our findings 
e similar to those cited; in the other, values slightly above normal range 
) to 0.26 me.) were obtained on repeated examination. The available ob- 


ations are quite obviously inadequate to make any attempt at conclusions. 


SUMMARY 


1. A simple method for the measurement of the total iron of blood serum 
escribed. 
2. The normal range of iron in nonhemolyzed blood serum is from 0.04 to 


me. per 100 ¢.¢, serum. The average amount is about 0.13 me. 
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o. pernicious anemia the blood serum iron is moderately increased, 
and returns to normal with successful liver therapy. 

4. In hypochromice anemias the values for serum iron are low, but not 
necessarily below the normal range. Iron therapy increases the serum iron 
level in these cases. 


®. In aplastic and hemolytic anemias the serum iron levels may be elevated 
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MODIFIED APPARATUS FOR OBTAINING GASTRIC CONTENTS* 


LES L. Posner, B.S., Joun T. Myers, Pu.D., M.D... anp ANpREW R. Fopor, 
B.A., New York, N. Y. 


Para 1812, when it was first used by Philip S. Physick, and in 1822, by 
Jukes, as a means of relieving the stomach of poisons, the stomach tube has 
ergone little modification. In 1869, Kussmaul used it clinically for pylorie 
noma and spasm, first experimenting on a professional sword swallower. 
Che general structure of the tube has been functionally preserved. Its total 
h is about 38 inches, of which about 20 to 24 inches extend from the mouth 
e stomach. This allows 5 to 8 inches to dip into the stomach. The diameter 
0! he older type tube (Boas) is approximately 12 mm. The distal end tapers 
opening and has two or more smaller openings in the side of the tube, %4 
ti neh from the tip. 
he tube is introduced into the pharynx, and the patient is instructed to 
Clos” his lips around it and breathe rapidly in order to avoid undue abdominal 


From the Research Department of Bendiner and Schlesinger Laboratories, New York 
eived for publication, March 28, 1938. 
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stress. The end of the tube is suspended in a flask in which the stomach con 
tents is collected. Cummer, as well as Todd and Sanford, has suggested that 
a Pollitzer bag be attached to the end of the tube, which is compressed until 
the esophagus is entered. Release of the bag then causes suetion, forcing the 
stomach contents into the bag. 

This process is rather awkward. A single compression is not always suf 
ficient to free a badly clogged tube. The bag must then be removed, recom 
pressed, and attached to the tube as often as necessary to obtain sufficient ma 
terial. Direct reeompression without removal would foree the material back 
through the tube. The bag must be carefully cleaned and sterilized before eac! 
case 

The duodenal tube was devised in 1895 by J. C. Hemmeter and later modi 
fied by Kuhn, Einhorn, Rehtuss, and others. 

The Rehfuss modification is most extensively used both for @astrie and 
duodenal extractions, A small olive-shaped metal tip terminates this tube. Dux 
to its small diameter, 3 to 4 mm., the patient will bear it comfortably, but it be 
comes easily clogged, making it essential to use suction. This is direetly applied 
with a large aspirating svpringe attached to the tube. The difficulties of this 
arrangement are obviously similar to those encountered in the use of the Boas 
tube. In spite of any precautions, the authors have found that mueus and 
food particles will often clog the tube, necessitating its removal for washing an 
causing considerable discomfort to the patient. We have attempted to introduc 
distilled water into the clogged tube to produce svphon action, but results ha 
been too variable 


PROCEDURI 


The modified procedure which the authors submit for approval may be us 
with the Boas or Rehfuss tubes, either for fractional or occasional extracti 
of gastrie contents. This is a modified suction method with the addition o 


1 


Florence type flask to serve both as a suction generator and a trap for the 





tracted material. The flask is tightly fitted with a two-holed rubber stopp: 
Through one opening is passed a hard rubber nozzle extending slightly into 
flask. A piece of hard glass of adequate diameter and of sufficient lengt! 
reach from 1 inch above the stopper to about halfway above the bottom of 
flask is passed through the other hole. 

The end of the gastrie tube is attached to the upper end of the @lass 1 
A rubber bulb with a hard rubber opening to fit tightly over the protruding | 
zle is obtained. The apparatus sold by the Davol Rubber Co., as the ** Ew 
Evaecuator,’* with a rubber bulb of 12 ounces capacity and a glass window it 
tube by means of which the flow of material may be observed, has been 1 
effectively used by the authors. This outfit is easily adaptable for this 
cedure by manipulating as suggested above. The tube is introduced int: 
stomach, the bulb is compressed, placed on the nozzle of the receiving flas! 
released. This causes the formation of a slight vacuum, which is usuall 
ficient to start the flow of gastric fluid into the receiving flask. Food pat S 


or mucus which now clog the tube are freed by slight compression and 1 








_— 
~] 
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of the bulb which remains fixed on the nozzle. The bulb never comes in direet 
contact with the extracted material, so that ordinary cleaning and drying is 
sufficient to prepare it for use (Fig. 1 

When fractional extraction is required, a pinch clamp may be used to close 
the tube when a sufficient amount of sample has been collected. 

The deseribed method has been used by the authors on patients suffering 
from a variety of disorders, from normal to advanced cases of carcinoma, Par- 
ticularly suecessful results have been obtained in aspirating gastric contents 
from a fasting stomach for bacteriologie examination, especially in connection 
with the newer technique for diagnosis of pulmonary tuberculosis. We have vet 


to experience failure in obtaining sufficient substance for examination or to note 

















Fig. 1. Photograph of described apparatus, 


harmful effects of the procedure on the patient. On the contrary, the 
nt suffers less discomfort than in any of the current procedures, due 


lv to the speed with which the whole operation can be accomplished. 
SUMMARY 
\n improved method for the removal of gastric contents having the fol- 
e advantages is deseribed ; 
Clogging of the tube and repeated washings are made unnecessary be- 
€ of indireet svphon action, 
Larger quantities of test meals are recovered, permitting more accurate 
al ‘es and interpretation. 
It permits the removal of gastric material without previous ingestion of 
tes eals, 


It decreases the discomfort of the patient due te greater speed and cer- 









tal of action. 
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THE DETERMINATION OF MORPHINE IN THE URINE OF 
MORPHINE ADDICTS* 


KreD W. Operst, M.S., Pu.D., Lexineron, Ky. 


QUANTITATIVE determination of morphine in urine consists of the 
A isolation of the alkaloid in a relatively pure state and the measurement o! 
its concentration. Most of the methods reported in the literature are satisfac 
tory only when the amounts of morphine in urine are relatively high as in eases 
of acute morphine poisoning or in experimental animals receiving a hig 
morphine intake. The amount of morphine found in the urine of clinical cases 
and of most morphine addicts is considerably lower, consequently the methods 
described are not practical, since it becomes necessary to use excessively larg 
volumes of urine to carry out an analysis. Because the question of the fate « 
morphine is being studied in the addict, it became necessary to evaluate t! 
various methods already described and to develop a more practical and sensiti 
method. The procedure of Pieree and Plant? still is the most satisfacto1 
quantitative method for the determination of morphine in biologie materi: 
Their extraction procedure for a quantitative removal of morphine from uri 
has not been surpassed. They removed morphine with an ethyl alcohol-chlo 
form mixture from 60-70 ml. of urine saturated with sodium bicarbonate us 
a continuous liquid-liquid extractor. The residue obtained after the evaporat 
of the solvent was dissolved in 0.5 per cent hydrochlorie acid and subjected ‘o 
three extractions with an amyl alcohol-chloroform mixture to remove impurit 
Then they saturated the aqueous solution with powdered sodium bicarbonate 411d 
removed the alkaloid by three extractions with an amyl aleohol-chlorot 
mixture. The extraction solvent containing the morphine was treated wit 
few drops of dilute hydrochloric acid and evaporated to dryness. The morp 
concentration in the final residue, ranging from 1 to 20 mg., was determi) “4 
*From the United States Public Health Service Hospital, Lexington. 


Read before the Federation of American Societies for Experimental Biology, Balt 
Md., March 30 April 2, 1938. 
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colorimetrically by means of the Lautensehliiger diazobenzenesulphonie acid 
method.2 Their studies were made on dogs receiving doses of morphine ranging 
from 10 to 50 mg. per kg. body weight ; consequently large amounts of the drug 
were excreted in the urine. 

Many other methods for the isolation and determination of morphine are 
described in the literature, most of the earlier methods are adequately reviewed 
by Balls and Wolff’ and Deckert. Most of these methods are strietly qual- 
itative. Balls and Wolff’ Fry, Light, Torrance, and Wolff and Wolff, Riegel, 
and Iry® used a continuous liquid liquid extractor and made repeated isoelectric 
extractions until their residue was pure enough for a silicotungstic acid preeipi- 
tation. The precipitate was removed, dried, and weighed. Their method lacked 
sensitiveness, at least 5 me. and better 10 me. of morphine being required for a 
reasonably accurate analysis. When the amount of morphine in a single de 
termination was less than S me., the final estimation was made colorimetrically 
by the diazo reaction. 

Loofs' in 1922 was one of the first to study suecessfully the excretion of 
morphine clinically in human beings. He removed morphine from urine by 
the classical Stas-Otto procedure of repeated evaporations and acid alkaline ex- 
tractions. The final residue was tested by one of the well-known alkaloidal 
‘olor reagents (Frohde, Marquis, Pellagri). This method required the use of 
large quantities of urine and detected only the presence of morphine. 

Panse* tried to simplify the Stas-Otto method and limited the quantity of 
urine for an analysis to 50-100 ml. Tle used ethyl acetate to extract the 
morphine and then sublimed the alkaloid for its deteetion by the usual alkaloidal 
color reagents. Teruuchi and Kai,” Ellinger and Seeger,'’ To and Rin,'! Frehden 

nd Huang,’? Liang’ and others reported various procedures for extracting 
iorphine from urine. The presence of morphine in the final residue was de 
ermined by the usual alkaloidal color or precipitation tests. Teruuchi and Kai 
letermined the concentration by titration according to Gordin’s method. 

Deckert* deseribed a method suitable for clinical use in whieh morphine was 

tracted from urine by means of ethyl acetate and was determined nephelomet- 
ally as a morphine-molybdate-vanadate complex, the turbidity produced 
ng roughly proportional to the amount of morphine present. He elaimed 
t his method is rapid and sensitive, and that he obtained a satisfactory 
rphine test on 10 ml. urine containing as low as 0.01 me. morphine. 

With the exception of the Deckert method it is apparent that the methods 

the quantitative determination of morphine in a single extraction from 

ne are not satisfactory for amounts below 1 mg. In the following report 

hods and procedures are presented for the quantitative determination of 0.03 

*0 mg. of morphine in 10 to 70 ml. urine. A new method is deseribed for 
urther separation of morphine from impurities in a urinary residue by 
ns of permutit. The morphine concentration in the permutit is then de- 
ined colorimetrically by a new procedure for morphine, which is more 
. tive than previous colorimetric methods. The Deckert method has been 
oved and made more reliable for the detection and determination of small 
nts of morphine. 
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EXPERIMENTAL 


Reagents.—Sodium bicarbonate, U.S.P., powdered. 

Ethyl aleohol, 95 per cent, U.S.P., is treated with charcoal (Norit), filtered, redistilled 
on a Water bath, leaving about 10 per cent in the distilling flask. 

Chloroform, U.S.P.. is washed with a small volume of dilute sodium bisulfite, and after 
redistilling twiee on a water bath at SO0° C., is stored in dark amber bottles. 


Amyl aleohol is prepared by washing fusel oil or amyl nleohol, Tech... four times with 


equal volumes of water, finally discarding the wash water, The remaining solution is distilled 
on a hot plate, collecting the fraction boiling between 125° and 155° ©, After redistilling a 
second time to increase its purity, it is stored in dark amber bottles. 

Hvdrochlorie acid 0.5 per cent, 50 ml. of concentrated acid diluted with water to 
2 000 ml. 

Permutit, according to Professor Otto Folin 

Phenol reagent, Folin and Denis.'4 This rengent is prepared as follows: 100 om. sodiun 
tungstate dissolved in 750 ml. water, 20 em. phosphomoly ba ic acid, and 50 ml. So per cent phos 
phorie acid. The mixture is boiled for two hours, and after cooling is diluted to one liter 

Sodium Carbonate, CLP eaturated solution 

The diazo mixture is prepared by mixing equal volumes of aqueous solutions of sodiun 
sulphanilate (4 per cent), of hydrochloric acid (6 ml. concentrated acid, specific gravity 11s 
in enough water to make 100 ml.), and of sodium nitrite (14 per cent). The reagent shoul 
be freshly mixed and allowed to stand for five minutes before using. 

Sodium hydroxide (10 per cent 

\mmonium molybdate, CLP. (10) per cent 

Sulfurie acid (2.5 Normal 

Ammonium vanadate, CLP. (2 per cent and filter 

\ morphine standard containing | mg. of base per mil, solution is prepared bv «cissolvir 
W520 gm. purified morphine sulfate (C,H, O.N ),ILSO DSH.O in 250 ml. water, 

Extraction Procedure.—The quantitative removal of morphine trom uri 


was carried out by the Pierce and Plant! procedure for dog urine. The pro 
eedure reported hy them is as follows: 


‘Sixty cubrn entimeters of fresh dog's urine ure snturated with powderes 


sodiun ! 
arbonate, giving a distinctly alkaline reaction to litmus, The alkaline urine is transferr 
to a liquid-liquid extractor in which 110 to 125 ec. of a mixture of one part ethyl aleol 


OD per cent and three parts chloroform has been placed, one-fourth the amount being 


1 


the extraction chamber, the rest in the extractor flask along with 0.5 e«.c. of concentrate 
hvdrochlori neid, Enough heat is applied to keep the solvent in active ebullition, and ¢ 
traction continued for ninety to one hundred and twenty minutes. This is equivalent to tre 
ing the alkaline urine with 10 to 20 volumes of the solvent, and removes all of the morp! 


amounts of other substances, The aleohol-chloroform extract is tr: 


nlong with the smal 
ferred to an evaporating dish, together with several small portions of 0.5 per cent aque 
hydrochloric acid used to rinse the flask, and evaporated to dryness on a water bath. 

The residue is then treated, first with 10 «.¢., then twice with 5 ¢«.c. of a 0.5 pet 
hydrochloric acid, and the dish rinsed with two or three small portions of distilled wat 
the combined extracts and washings, usually about 35 c.c., are transferred without  filtrat 
to a 125 ¢.e. eylindrical separatory funnel and extracted three times with an equal volun 
a mixture of one part amyl aleohol and three parts chloroform, During each of the ext 
tions the funnel is shaken for five minutes in a mechanical shaker. The organic solver 
discarded and the aqueous solution saturated, in the funnel, with powdered sodiut 
carbonate, The aqueous alkaline solution is then extracted three or four times with on 
a half to two volumes of the amv aleohol-chloroform mixture, shaking for tive to ten 
utes In each extraction. The combined amvl aleohol-chloroform extracts are then acidu 


with dilute hydrochloric acid and evaporated to dryness on a water bath. Prolonged hi g 
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of the dry residue from this or from the ethyl alcohol-chloroform extract should be avoided. 
The residue is then dissolved in a suitable amount of 0.5 per cent hydrochloric acid and the 


amount of morphine in it determined, *? 


Nig. 1 is a photograph of the continuous liquid-liquid extractor having a 
maximum capacity of TO aml. of urine of the form used by Balls and Wolff and 
modified by Pierce and Plant. For certain experimental studies we have used a 
larger liquid-liquid extractor, the extraction column of which was filled with 


elass beads to increase the surface area exposed to the extracting liquid, This 


4 
f 


WB Alkaline Urine 


7 Ethyl Alcohol-Chloroform 


ixture 


=] Acid Ethyl Alcohol— 
Chloroform Mixture 

















Fig. 1 Continuous liquid-liquid extractor. 


ctor so used has a maximum capacity of 150 ml. and separates satisfactorily 
small amounts of morphine to be determined by the improved Deckert 

od. We have fitted these extractors with the interchangeable ground glass 
iections, made by Ace Glass Ine., whieh are especially desirable when dealing 
small amounts of morphine in urine. Unless special high grade corks are 

ible, considerable amounts of impurities are extracted from them. They 

nust be changed frequently, for the extraction reagents readily decompose 

Rubber stoppers are not very satisfactory, for they swell considerably 


several extractions. 
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The No paralion ol Vorphine Froma Urinary Extract by Means of Permutit. 
four grams of permutit are placed in a 50 ml. volumetrie flask and washed 
LWwice with distilled Water, the supernatant fluid being discarded. The urinary 


residue obtained after the evaporation of the oreanie solvent is dissolved in 


2 or 3 mi. of water and is transferred quantitatively by several washings to 


{ 


this flask. If insoluble matter is present after dissolving the residue with water, 


it must first be removed by filtration, the small filter Paper being thoroughly, 


washed four or five times and all wash water added to the permutit. This 
solution is frequently shaken several minutes with the permutit for about halt 
an hour to allow the morphine to react with the permutit. After the permutit 


nas settled to the bottom of the flask, the supernatant fluid is withdrawn by 
suction through a drawn tube or yy decantation. The permutit is Washed three 
times with 10-15 ml. portions of distilled waier to remove all soluble impurities 
The morphine concentration in the permutit is determined by any suitabl 
colorimetric procedure 

(Gireat care must be taken not to wash out any permutit from the flask. Flat 
bottom flasks, such as volumetric flasks, are much more suitable than graduated 
test tubes for the extraction of morphine by permutit, sinee they allow a large: 
surface area ol permutit to be « xposed to the liquid phase. 

The dissolved urinary residue must be neutral when it is shaken with per 
mutit. If the solution should be slightly too alkaline or too acidic, morphin 
will not be removed quantitatively by means of the permutit. Those bases whosi 
‘*streneth’” is represented by a dissociation constant of 5 10, or greater 
are removed by permutit.’°. Ammonia reacts with permutit but does not giv 
a color with any of the morphine color reagents, consequently enough permutit 
must be present to combine with both. Ordinarily 4 gm. of permutit are sul 
ficient to combine with morphine in a residue up to a concentration of about 1./ 
mg. per 65 ml. of urine. One gram of permutit will completely remove 1.0 me 
of morphine from a water solution. 

The complete removal of morphine with permutit from a solution of urinar 
residue extracted by the regular procedure was tested by transferring the sol 
tion, after shaking with permutit, to a second flask containing permutit. T! 
solution was again shaken with permutit, after which it was discarded. T 
permutit in each flask was washed three times with water and finally treat 
by the reagents used in the new colorimetrie method. Color developed in 1 
first flask as usual, but was absent in the second. A number of such tests 
dicated the complete removal of morphine in the residue by permutit in amow 
ip to about 1.5 mg. 

A Colorimetric Method for the Determination of Morphine Using a Phi 
Reagent.—The removal of morphine from fresh urine is earried out by 
Pierce and Plant procedure, except that the acidulated residue from the liq 
liquid extractor is treated only once with the amy] aleohol-chloroform mixt 
After treating the solution of urinary extract with permutit in the 50 ml 
umetrie flask, the morphine concentration in the permutit is determined 
orimetrically by the addition of 6 ml. saturated sodium earbonate and 2 
of Folin-Denis phenol reagent.‘* A blue color develops immediately whic 
quite stable for a day. The standards are prepared by the addition of kt 
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MORPHINE 


ADDIE 


i] ~ 


amounts of morphine to 4 gm. of washed permutit in similar flasks, followed by 


treatment with sodium carbonate and phenol reagent. 


The flasks are filled to 


volume with distilled water, the contents thoroughly mixed and, after two or 


three hours, the unknowns are compared with the standard in a colorimeter. 
filter 


use ot a No. RG1 


red 


The 


made by Jena Glass Works, placed in the eye- 


piece of the colorimeter greatly facilitates the ease in matching the colors, es- 


pecially if the blue color is very weak. 


This color test is vers sensitive for small amounts of morphine, 


as low as 0.05 meg., 


the No. RG1 filter. 


diluted to 


Smaller amounts of morphine in a correspondingly reduced 


Amounts 


50 ml., «an be read in a colorimeter fitted with 


volume ean be determined, provided it is certain that the solution ts practically 


free of other reducing substances. 


Urie acid and phenols must be completely removed from a urinary residue, 


for they give a blue color with the phenol reagents. 


not react with permutit, they can be removed by washing 


The recovery of n 


lowed by further purification with a 


addition of sodium 


Urine from a 


morphine 


earbonate and 4 


O.S0 
1.00 
1.50 


On 


rdalict 


Water solution extracted in liquid-liquid extractor 


Trace of color due 


to 


xtracted impurities 


Since these substances do 


| E.3 
Morpuine Al URINI 
ine using the liquid-liquid extraction process fol- 
and alkaline extractions. The color was developed by 
enol reagent to the permutit 
RPH I ERIMENTAI 
RECOVERED ERROR 
mad. mad. 
v4 O24 
0.077 0.025 
0.045 05 
OLT0OS OL.008 
O.103 0.003 
OV40 
0.543 0.003 
OVO 0.000 
0.200 0.000 
O.1S0 O20 
0.174 026 
O00 O00 
O30] 049 
O64 O56 
(L488 O12 
O.450 O50 
O.640 O54 
O.079 001 
0.990 -.010 
L530 OO20 
L.s0 O20 
equivalent to 0.024 mg. morphine 


Morphine-free urinary extraets obtained from 65 ml. urine treated with 


iutit, followed 


by 


the addition of sodium carbonate and phenol reagent, 


a color in the final solution whieh, when compared with standards, was 


valent to 0.02-0.05 mg. morphine. 


lably lost in the extraction process. 


Small quantities of morphine are un- 


This loss is nearly compensated by the 


| amount of color obtained from impurities earried over from the urine. 


e I shows that varying amounts of morphine added to urine have been satis- 
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factorily recovered by this method. Table IT is presented to show the concentra- 
tion of morphine in the urine of two uncontrolled addicts. It is not intended that 
any conelusions concerning morphine excretion be drawn from this table. A de 


tailed study on morphine exeretion Is in progress. 


TABLI II 
MoreHINe CONTENT OF URINE FROM MorPHINE ADDICTS 
Addiet 1.) Intake 160 meg. morphine sulfate 10.5 mye. base per day 
MORPHINE BASH PER CENT 
VORP N BAS 
RIN] —s : _ PRESENT IN 24 MORPHINE BASI 
\ (> oMI 
OLtUM+t ™ 3 , HOUR-URINE SPE¢ EXCRETED N 
, \ 
—_— IMEN URINI 
mi, mea. ma. per cel f 
| 7 s 1425 O20 O.25 2.10 
1/ 8/38 1350 0.450 69 7.21 
! Vos S75 279 D4 bon 
LO/3S o>) O.6S5 S07 O.70) 
1/11/38 SO) 953 1O.00 G06 
| 12 x aan (41 s Dod £0 
1/18/38 1450 O377 7.80 6.48 
Addict 2.) Intake 200 mg. morphine sulfate 150.4 me. base per day 

] 6/3 16o0 O.375 8.58 Wil 
l/ 7/58 1950 OD 11.00 re 
S/SS 350 O00 YW. H42 

| ' s 17oO0 o°cves S40 , a 
] | s ot ) ] 4 4 0 2 


Diuzotization Method for the Determination of Morphine.—The diazo r 
action used in the determination of 1-10 me. morphine in a urinary residu 
prepared by the Pierce and Plant procedure is carried out by dissolving: thi 
residue in 2 ml. of water followed I 1 ml. of diazo mixture and 2 ml. 10 pel 
cent sodium hydroxide. After standing one and one-half hours, the solution 
is diluted to 10 ml. and the color compared in a colorimeter with a standars 
morphine solution treated in a similar manner, One milligram of morphine 
about the minimum quantity which gives a satisfactory color by the diazo 1 
action when diluted to a final volume of 10 ml. 


A residue obtained from 50 ml. morphine-free urine treated by the above dia 


reaction gave a similar red color whieh was too dark for a morphine-free uri 
The color intensity was not constant for different morphine-free urines. 1 
recovery of 1.0 mg. morphine added to 50 ml. of urine and extracted by 1 
usual manner gave in one instance a value of 1.5 mg. when compared w 
a 10 mg. standard. Apparently there are present substances other t! 
morphine in the urinary residue whieh give a color reaction with the di 
reagents. 

An experiment was made on a solution of urinary extract in whieh a 1: 
portion of the interfering substances giving the diazo color reaction was remo 
from the morphine by means of permutit. After washing the permutit t! 
times with water, the diazo color was developed by the addition of the d 
mixture and the 10 per cent sodium hydroxide. The entire contents were he: 
for fifteen minutes on a boiling water bath. The color obtained was much | -s 


than that from a similar residue not treated with permutit. 
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The presence ot VAS bubbles suspended in solution which collected On the 
walls of the colorimeter CUPS and prisms Was frequently observed while making 
readings for morphine in urine. To determine whether or not the presence ot 
these bubbles would cause significant variations, an experiment was carried out 
using a set of three 1.0 mg. morphine standards. After the addition of the diazo 
mixture and standing one and one-half hours, the colors did not match satisfae- 
torily with each other. Another set of three standards prepared similarly, but 
without the preliminary one and one-half hours’ standing, was heated fifteen 
minutes in boiling water. After cooling and adjusting the volume to 10 ml, the 
colors were compared with each other. They matehed exactly with each other, 
but were nearly twice as strong as the unheated ones. No gas bubbles suspended 
in the solution were present. After the two sets of standards were allowed to 
stand for twenty-four hours at room temperature, they were again compared 
with each other. The color of the unheated standards compared exactly with 
each other and had become darker, nearly approaching those of the heated ones. 
The size and coneentration of these bubbles appeared to vary considerably with 
time and temperature, thus causing variable readings on the same sample. In 
the absence of these bubbles in both the standard and unknown, reproducible 
colorimetric readings were obtained. The heating process nearly doubled the 
sensitivity of the method and cleared the solution of suspended gas bubbles 
vhich interfered with the colorimetric readings. 
The Improved Deckert Method —A. Qualitative Procedure. The presence 
morphine in the urine of morphine addicts may rapidly be determined by 
making two extractions with ethyl acetate, followed by the formation of a 
iorphine-molvbdate-vanadate complex. Approximately 385 ml. of fresh urine 
s made alkaline by saturating it with U.S.P. sodium bicarbonate. After 
tering, 25 ml. of the filtrate is measured into a 150 ml. separatory funnel. To 
is is added an equal volume of ethyl acetate. The two solutions are vigorously 
aken for two or three minutes and then allowed to separate. The lower laver, 
ich is urine, is drawn off into a beaker for a repeated extraction. Rotating 
separatory funnel back and forth a few times causes small amounts of urine 
ered to the walls of the funnel to settle to the bottom for removal from the 
vl acetate. Since it is not possible to remove all traces of urine from the 
aratory funnel by draining, it is best to remove the ethyl acetate solution 
pouring it carefully from the top of the separatory funnel into a dry filter 
er and collect the filtered ethyl acetate in an evaporating dish. Traces of 
ne carried over with the ethyl acetate solution are very objectionable and must 
cept to a minimum. The separated urine is treated once again with ethyl 
ite, which, when separated from the urine, is added to the first portion with 
t 0.2 ml. of 0.5 per cent hydrochloric acid and the entire volume evaporated 
ryness 
Che residue is dissolved in 1.5 ml. of distilled water and 0.2 ml. of 2.5 N 
rie acid. To this is added 0.2 ml. of 10 per cent ammonium molybdate, 
on standing about ten to twenty minutes, precipitates most of the im- 
ties from the solution, but does not remove an appreciable amount of 
hine. The precipitate is removed by filtering the fluid through wet What- 





No. 42 filter paper, about 30 mm. in diameter, into a graduated evlinder. 
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The evaporating dish and filter paper are washed with three 0.5 ml. portions 
of distilled water, the washings being added to the first filtrate. The total 
volume should not exceed 3.0 or 3.2 ml. Two drops (0.1 ml.) of 2 per cent 
filtered ammonium vanadate are thoroughly mixed with this clear filtrate. After 
standing for a short period of time, a turbidity sets which appears as a white, 
finely divided, granular substance, remaining in suspension for a long time. The 
degree of this turbidity is roughly proportional to the amount of morphine pres- 
ent. In the absence of morphine there may be a slight precipitate in suspension, 
which is clear and translucent, but when examined by direct light at an oblique 
angle does not appear white and finely divided. Amounts of morphine as low 
as 0.03 mg. in 25 ml. of urine can readily be detected. 

Occasionally a urine will form an emulsion with ethyl acetate which does not 
separate readily even after long standing. The emulsion can best be broken up 
by filtering it through a dry filter paper. If not all of it passes through the 
filter, the remaining portion is transferred to another dry filter paper. Ethyl 
acetate will not pass readily through a wet filter paper. 

The original Deckert method was modified, after a number of attempts to 
detect the presence of small amounts of morphine had failed. When larger 
amounts of the drug were present, a positive result was obtained. Studies were 
then carried out to determine the factors responsible for changes in the sensi 
tivity of the method. In addition to morphine large quantities of impurities 
are extracted by the ethyl] acetate which are precipitated by ammonium molybdate 
and ammonium vanadate. These impurities must be separated from morphine 
as well as possible to prevent them from masking the morphine reaction. This 
separation was accomplished by precipitation of the impurities with ammonium 
molybdate at the isoelectric point followed by filtration. Morphine molybdate is 
not precipitated in concentrations ordinarily found in these experiments nor is 





an appreciable amount lost with the precipitate by absorption. Nitrie, hydro 
chloric, and sulfuric acids were tested in the separation of these impurities 
and for the formation of the morphine-molybdate-vanadate complex. The best 
results were obtained by dissolving the urinary residue in 1.5 ml. water, followed 
by the addition of 0.2 ml. 2.5 N sulfurie acid. After adding ammonium molyb 
date, filtering, and washing the filter paper, there must be a definite acid con 
centration in the total filtrate to obtain the maximum separation of the morphin¢ 
molybdate-vanadate complex by the addition of ammonium vanadate. Exces 
acid in the solution increases the solubility of the complex. It appeared th: 
with sulfurie acid the morphine-molybdate-vanadate complex was more fine! 
divided and remained longer in suspension. Varying the concentration of t! 
ammonium molybdate had no apparent effect on the separation of impurities 
on the formation of the morphine-molybdate-vanadate complex. It is necessa 
that the final volume does not exceed 3.0 to 3.2 ml., or otherwise less morphi 
molybdate-vanadate complex will separate out. After the complex has separat: 
the solution may be diluted to a volume suitable for nephelometric meas' 
ments. 

Tests were made to show the relatively high concentration of morph 
molybdate-vanadate complex which never separates out of solution. After allow 


the turbid solution to set for several days, it was centrifuged, and the supernat 




















OBERST : MORPHINE IN URINE OF MORPHINE ADDICTS 


fluid removed by decanting. Both the supernatant fluid and the precipitate 
were tested with sodium carbonate and phenol reagent. When the final volumes 
in both were made equal, the color in the supernatant fluid was darker than that 
from the precipitate. No color was obtained from the reagents in the absence 
of morphine. The evidence is clear that the amount of morphine precipitated 
as the morphine-molybdate-vanadate complex depends on a number of factors, 
such as the acid concentration, the volume in which it is precipitated, the amount 
ot impurities not removed, and the temperature of the solution. These factors 
must be earefully controlled before the method can be used satisfactorily as a 
quantitative method. 

No turbidity has been obtained in any sample of urine free of morphine 
or other commonly used drugs. The presence of quinine in urine gives a tur- 
bidity which separates out immediately as a yellow, floeculent precipitate. Pyra- 
midon (4-dimethyl-amino-antipyrine) gives a turbidity similar to morphine. 
After standing for a number of hours, pyramidon produces a blue green to blue 
color, which is not obtained by morphine alone. If pyramidon is suspected, ad- 
ditional tests should be made for its identification. The above test for the detee- 
tion of morphine in urine should always be confirmed by one or more additional 
tests. The Marquis or Frohde reagents give characteristic color reactions for 
morphine when added to a residue obtained by extracting an alkaline urine with 
ethyl acetate or other organic solvents. 

B. Quantitative Procedure. This principle may be used quite satisfae- 
torily in determining semiquantitatively very small amounts of morphine. A 


series of test tube standards were prepared by adding varying amounts of 


TABLE III 
TURBIDITY OBTAINED FROM VERY SMALL AMOUNTS OF MORPHINI 
AMOUNT OF MORPHINE ADDED APPEARANCE OF FINAI 
Tro 25 ML. URINI SOLUTION 
md. 
0.00 Clear 
0.0] Clear 
0.02 Very faint trace 
0.038 Definitely positive 
0.05 Strong 
0.07 Stronger 
0.09 Mueh stronge1 
0.12 Very strong 


rphine to 25 ml. of morphine-free urine and then extracting each sample 
ce with ethyl acetate, followed by the usual preparation of the morphine- 
vbdate-vanadate complex. The amount of morphine present in the urine of 

addicts was so high that 10 ml. urine was usually sufficient for a satisfae- 

comparison with a prepared standard. The unknowns were allowed to 
d at least two hours before they were compared with a standard. When the 
idity was very high, it was either diluted sufficiently to match with an ap- 
riate standard, or a stronger standard was prepared. If a turbidity is very 
it is not easy to determine small differences in morphine concentrations. 
e IIL shows the relative turbidity obtained by using very sinall amounts of 
phine, 
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Further attempts were made to make the turbidity method quantitative. 
The procedure for morphine extraction deseribed by Pieree and Plant was 
used in the following experiments. The final residues were treated similarly 
to those obtained from the ethyl acetate extractions. The morphine-molvbdate 
vanadate complex separated out as fine, white particles whieh remained in sus 
pension for a lone period of time. The presence of excess amounts of Impuritie Ss 
caused the morphine compound to coalesce and precipitate faster. Efforts were 
made to compare the turbidity with an aqueous morphine standard similarly 
prepared, using a Bausch and Lomb nephelometer and a **Ceneco”? telophotom 
eter. One hour after the addition of ammonium vanadate the final volume was 
diluted to 10 ml. and compared with a standard. Satisfactory results were ob 


tained for very small amounts of morphine (Table IV 


TABLE I\ 





RECOVERY OF MorRPHINE AbDbDED TO URINE 


URINI MORPHINE ADDED MORPILINI EXPERIMENTAI 
VOLUMI ro RINE RECOVERED ERROR 
ml. ma, mad, nd. 
HN O00) ooo O.000 
sO) O05 O.050) OO00 
a0 O10 OL.007 OL003 
s0 O.10 O.00S O.002 
LOO O10 OL000 OOO] 
150 O10 O09] O.000 
+0) O10 O.00S O.00n 
1h) 10 OL0SS O01? 
25 O10 O05 O.005 
65 o.10 Olay OL000 


The recovery of morphine added to urine by means of the liquid-liquid extraction proce 





followed by further purificution wit! iid and alkaline extraction The morphine-molybd 
vanadate complex was prepared s usual \fter stending for forty-five minutes, the volume w 
1djusted to 10 mL, and a comparison made with a similarly treated aqueous morphine stand 
by means of a nephelometet 


When the amount of morphine exceeded 0.25 meg., unsatisfactory result 
were obtained. The morphine-molybdate-vanadate particles clumped togeth 
into large particles which precipitated rapidly. Under such conditions it was m 
possible to make satisfactory comparisons with a standard. The turbidity o 
tained from urine specimens always precipitated more rapidly than that fr 
aqueous morphine solutions. 

Attempts were made to stabilize the turbidity by the addition of ghatti ¢ 
or arabic gum. Both of these substances prevented the formation of any 
bidity. 

When ordinary stopcock grease was used as the lubricant on the extra: 
and separatory funnels, low recoveries were often obtained. When the lubric 
was replaced by glycerol, less morphine was lost. Considerable grease was 
Ways extracted by the organie solvents and was carried over in the final 
due, thus preventing the complete transfer of morphine from the evapora! 
dish. Small amounts of glycerol do not interfere with the formation o 


turbidity. 
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SUMMARY 


1. Morphine may be determined quantitatively in concentrations ranging 
from 0.08 to 3.0 me. per 100 ml. urine by a new colorimetrie method, The 
morphine is extracted from the urine by the Pierce and Plant procedure, using 
the continuous liquid-liquid extraetion process followed by acid and alkaline 
extractions. The final residue dissolved in water is further purified by means 
of permutit. Morphine combines with permutit, while most other reducing sub- 
stances are removed by washing. The morphine is finally determined color- 
imetrically after the addition of sodium earbonate and lolin-Denis phenol 
reagent to the permutit. 

2. The determination of morphine in urine by the diazo reaction has been 
modified and its limitations discussed. 

3. The presence of morphine in the urine of morphine addicts may rapidly 
be determined by making two extractions with ethyl acetate and the subse- 
quent production of a morphine-molybdate-vanadate complex. A turbidity ap- 
pears which is rough proportional to the morphine concentration and may he 
compared with a prepared standard. Morphine concentrations as low as 0.03 
me. in 25 ml. of urine ean readily be detected. 

$+, The turbidity produced by the morphine-molybdate-vanadate complex 
has been developed into a quantitative method for small amounts of morphine 
xtracted from urine by the Pierce and Plant procedure. A nephelometer is 


ised for comparing the unknown turbidity with a standard. 
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TUBERCULIN TEST, Intracutaneous, Paretsky, M. Am. Rev. Tuberc. 38: 81, 1938. 


\ series of 400 ‘‘double’’ tests has demonstrated that the regional variation of 
specific skin hypersensitiveness to tuberculin is a factor of a practical significance. 

\ series of 500 ‘*double’’ tests has yielded results seemingly indicating that the de 
terioration of tuberculin does not affect its potency to a degree definitely distorting the out 

ne OL the intracutaneous reaction, 

\ series of 400 ‘*double’’ tests has revealed that the ‘‘tenacity’’ of tuberculin 
indoubtedly exerts a distorting effect on the result of the intracutaneous reaction, de 
picted in our series by a curve which reached its peak when the 1:100,000 solution of old 
tuberculin was used, and which came down to its lower levels with the increase of the con 
centration of the solutions of old tubereulin, 

\ series of 100 ‘*double’’ tests has apparently failed to demonstrate a noticeable effect 


of the size of the wheal produced by the injected tuberculin on the size of the reacting 


\ series of 100 ‘‘double’’ tests has given results suggesting a probable somewhat 


retarding effect of aleohol on the intracutaneous tuberculin reaction. 


PNEUMOCOCCUS TYPING, Concentration Method Applicable to the Neufeld Quellung 
Reaction in Sputums, Taplin, G. V., Meneely, G. R., and Hettig, R. A. J. A. M. A 
111: 410, 1938. 


” 


|. The entire specimen of sputum is emulsified by drawing it up in a small (2 e.c. 


syringe and mixing it thoroughly in a sterile Petri dish until all large particles are broke 


up 
2. Into a sterile centrifuge tube is placed 0.5 ¢.c. of the emulsion, and from 6 to 

e.c. of physiologic solution of sodium chloride is added, depending on the viscosity of the 

sputum. This mixture is emulsified by drawing the diluted specimen back and forth in 


sterile 10 ¢.e. pipette. 
The emulsified specimen is put in the centrifuge at 1,000 r.p.m. for two or thre 
minutes to remove cells and detritus, the bacteria remaining in the supernatant fluid. 

!. The supernatant fluid is transferred to another tube, which is put in the centrifu 
at 5,000 r.p.m. for ten minutes, after which the clear fluid is poured off, leaving about 0.: 

above the sediment. 

5. The bacterial sediment is resuspended in the small remnant of supernatant fluid 
shaking, and the resulting suspension is used for the typing tests. Before the suspension 
mixed with specific typing sera, two drops of methylene blue are added and mixed wit 
this suspension, the organisms being allowed to stain before the Quellung reaction tal 
place. This has been used because in many eases when the sera and stains are added sin 
taneously, the organisms swell before they stain and may be difficult to recognize. 

\s a result of this procedure, the Quellung reaction takes place quickly, in some ¢: 
immediately. Detection of capsular swelling is rendered much easier by the lack of cells 
detritus and by the larger number of organisms in the field (from 10 to 300 per oil 
mersion field). No injury to the capsule has been observed as a result of the dilut 
with physiologic solution of sodium chloride and centrifugation. No false positive 
tions have been observed. The suspension and washing of sputum in saline solution } 
ably removes the soluble substance that causes agglutination, and failure of the Quel 
reaction in other highly concentrated specimens. With this technique highly concent: 


suspensions may agglutinate but they never fail to swell. 
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ABSTRACTS 
GONOCOCCI, A New Contrast Stain for Meningococci and, Sandiford, B. R. Lrit. M. J. 
May 28, p. 1155, 1938. 
Any Gram technique to which the worker is partial may be followed up to the end point 


of decolorization, but the following 


= 


s strongly recommended, especially the use of acetone, 
which is essential in order to obtain complete decolorization of the cell nuclei before counter 
staining. 


Initial Stain 


Crystal violet 1 gm. 
Aleohol (98 per eent 20 @.e. 
Ammonium oxalate (1 per cent aqueous) 30 ¢.¢c. 


1. Leave this mixture on the heat-fixed film for thirty seconds. 
2. Flood off with triple strength Lugol’s iodine (as used in Jensen’s modified Gram 
stain) and leave on for thirty seconds. 

o. Pour off the excess iodine and blot once. 

t. Decolorize with acetone for three or four seconds, 

5. Wash. 

6. Put on the counterstain for two minutes. 


7. Flood off with water—do not wash—and blot. 


Contrast Counterstain 





Malachite green 0.05 om. 
Pyronine 0.15 gm. 
Distilled water 100.0 ee. 


> 


Note: There are two varieties of pyronine ‘‘B’’ and ‘*G,’’ the former being almost in 


%° 


soluble in water. Pyronine (Grubler) is apparently pyronine ‘‘G,’’ as it is freely soluble in 
water. 

Keeping Qualities: The following statements are based on haphazard observations only, 

iring the use of solutions kept in ordinary bottles at room temperatures under 20° C.: 


Crystal violet stain keeps for about a month and deteriorates after six weeks. Counterstain 





keeps for at least three weeks, possibly longer; 100 ¢.c. in a staining pot may be used for at 


least 150 small smears. 


TUMORS, Multiple Primary Malignant, Eisenstaedt, J. S. J. A. M. A. 110: 2056, 1938. 

A man who died in 1936 had been operated upon twenty-one years before for adeno 
ircinoma of the kidney. He later was affected with two other primary cancers in distinet 
nd separate organs, one of which, that of the prostate, produced metastases to the lungs 
nd lymph nodes. All three cancers were diagnosed clinically. 

It is the author’s belief, after a rather complete survey of the literature, that: 

1. Multiple primary cancers are more frequent than are reported. 

2. They occur more frequently than chance alone would explain. 

The percentage of multiple primary malignant tumors to be reported in the future 
| be higher than that reeorded in the past, because: 


a) More people are reaching advanced years, a period in which the incidence of cancer 


generally high. (b) Since the inauguration of cancer clinics and commissions throughout 
world, cancer patients have been more concentrated and more thoroughly studied. (¢) Bet- 
results are being obtained in the treatment of cancer than heretofore. (d) As a result 
longer survival after treatment for a single primary tumor, time is afforded for the 


elopment of subsequent primary cancers. (e) Autopsies are more widely done and with 
iter thoroughness than in the past. 

t, Some factor, as yet unknown, possibly hereditary or hormonal in nature, plays an 
tant part in susceptibility to malignant disease, and the varied responses to environment 


ifferent individuals depend on this unknown element. 
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TISSUE: Staining of Acid-Fast Bacilli in Parafiin Sections, Fite, G. L. Am. J. Path. 14: 


oS), 1938 


The optimal staining of acid-fast bacilli in tissues involves fixation in an alcoholi 
medium, removal of mercuric deposits with iodine followed by alcohol and sodium thiosulfate, 
and staining in a 1 


t vl aleol ol. 


per cent solution of new fuchsin in 5 per cent phenol and 10 per cent 


If a potassium dichromate fixative is used, the period of fixation must be brief and the 


issue thoroughly washed, and the section must be treated with potassium permanganate and 


Time and materials are wasted in trving to stain acid-fast bacilli in tissues subjected 
to prolonged passage in formaldehyde or decalcifving fluids, 


To ensure the maximal staining possible under the conditions of fixation, the sections 





After alcohol fixation, at 2 (.—two to eight hours, 
at 37 iy one to tour hours, 
it of |e thirty minutes to two hours, or 
at vu" LU. stenuming five minutes; 

After all other fixation, at 20° C.—sixteen to twenty-four hours, 
at 37° C.—twelve to sixteen hours, 


at oO } eight to twelve hours, o1 
at oo ( five minutes, 


Under good conditions bacilli may be adequately stained in much shorter periods of time 


than these. Bacilli not stained by fuchsin in the meximum times given will not be staimed 
by further treatment. This is the point to which the duration of staiming is best earried 
Prolonged staining at room temperature is preferred. 


t basic Tuchsin, 


New fuchsin as a dve for acid-fast bacilli is much superior 

When, in Zenker fixed tissues, fuchsin fails to stain bacilli resistantly, thev may some 

times still be stained by Grams stain, by the acid-fast method using ervstal violet, or by 
] Iya 


the fuchsin-formaldehvde method here recorded, 


The following stain is recommended: 


New fuchsin 1 gm. 


Phenol erystals > om. 
Methvl aleohol 10 eve. 
Distilled water to make 100) ee, 
The dve is wholly dissolved in the mixture of aleohol and phenol, and the distilled wate 


ded, not too rapidly. The solution should be clear and not require filtration. Fuchsin 
is so readily precipitated by a wide variety of substances that to maintain the full strengt 


} l 


distilled water of hi: 


purity must be used. The solution preserves indefinitely, but it shouk 
be remembered that evaporation of 5 per cent by volume, which will largely be aleohol, will 
precipitate dve to a much greater proportion. Solutions left in Coplin jars lose strengt 


rapidly. 


TUBERCULOSIS, Bromsulphalein Test and Blood Cholesterol in Pulmonary Tuberculosis 
Levinson, S. A., and Siegal, H. A. Am. Rey. Tubere. 38: 229, 1958. 


PS cust 


The bromsulphalein liver function test and blood cholesterol were studied i 
of far-advanced pulmonary tuberculosis. These tests can be used as an index in the prognos 
of the disease condition, 

The combination of hypocholesterolemia with bromsulphalein retention indicates « 
treme gravity. 

The hypocholesterolemia and bromsulphalein retention may be related to the functior 
activity of the reticulo-endothelial S\ stem, as evidenced by the greater demand for cholesté 
by the organ. The degree of stimulation of the reticulo-endothelial system can be measu! 


by the amount of bromsulphalein dye retention. The greater the stimulation the greater 





retention ¢ 


f the dye. 











ABSTRACTS 
TUBERCULIN: Mantoux Tests With the Gottschall-Bunney Diluent for, Clark, E. Am. 


Rev. Tubere, 38: 270, 1988, 


A total of 1.648 Mantoux tests were performed from December 15, 1936, to March 19, 
1957, comparing tuberculin freshly diluted in saline with that ready diluted in the diluent of 


Gottschall and Bunney. 


The results of these tests seem to indicate that the ren 


lv diluted tuberculin is as efficient 


as the freshly diluted tubereulin and retains its potency \"\ 


en kept at room temperature for a 
period of at least one month. 

Tuberculin ready diluted 1:10,000 and ineubated thirty days at 37° C, showed some 
deterioration evidenced hy na difference in induration of the Mantoux renetion. Although 
the sizes of the reactions were comparable, the induration was not quite as hard as that caused 


by freshly diluted material. 


RETICULOCYTES, Demonstration of, With Wright’s Stain, Kitchen, S. F. Stain Technol. 


\ 0.5 per cent solution of the stain in absolute, acetone-free methyl alcohol was used, 
nd in making moist preparations a thin, even film of the dve was spread on a glass slide. 
\ small drop of blood was placed on a cover slip which was then inverted on the slide and 

e preparation sealed with vaseline 
The reticuloeytes showed up quite as numerously as they did when brilliant cresyl blue 
as similarly applied, although a little more slowly. In such preparations the reticulum 
' | 


ppeared 


not infrequently in the form of filaments which usuallvw had a tendency to interlace, 


ometimes quite densely, so that there was a compact mass in the center of the red cell, Or 


perhaps eccentrically placed. At other times the interlacing network was more loosely formed 
id traversed the cell like a band. Most freq ently the reticulum was observed to assume 

lifferent morphologic character, This was a branching form which gave it an appearance 
ot unlike moss. In such instances it was fuzzy and much less well defined. A reticulocyte 


ght exhibit as little as a single small Y-shaped branch, or the branching forms might be 
attered quite profusely throughout the cell. Regardless of what form the filamentous 
ticulum assumed, one or more metachromatic globules, varving considerably in’ size and 
ibiting Brownian movement, were occasionally observed. In some instances these globules 
isolated and at other times in intimate relationship with the filamentous material. 
Dry slide preparations were made by spreading a moderately heavy film of the 0.3 pet 


nt dye solution on a glass slide, and when this was dry, superimposing a blood smear thin 


igh so that the individual cells were separated. Wright’s stain was then used as a counter 
n in the usual way. In these preparations the reticulum usually appeared as granules 
irving size and number. The intensity of the staining reaction varied greatly, as well 
e amount of reticulum so precipitated. In some cells there was observed a light sprinkling 
rv fine granules, while others were packed with heavily-stained, short, thick rods. Still 


f lar 


reticulocytes might contain a relatively small number « ‘r, course granules which 


oO 
ie 


frequently irregular in outline. 


SPATOSPLENOGRAPHY: Histopathologic Study of Tissues of 65 Patients Injected 
With Thorium Dioxide Sol for, Yater, W. M., and Whitmore, E. R. Am. J. M. Se. 


195: 198, 1938. 


Necropsies have been performed on 64 patients at intervals of a few days to three 
after the injection of an average dosage of 75 ¢.c. of thorotrast for the purpose of 
g hepatosphenograms. In no case was there any evidence of injury to the tissues nor 
ar reaction that could be ascribed to the presence of the thorium dioxide. 
\ subcutaneous nodule was excised from the arm four years and five months after the 
tion of thorotrast accidentally into the subcutaneous tissues. Thorium dioxide was walled 
dense hyaline connective tissue, the nodule resembling those found in the lungs in 
I ir silicosis. Nowhere was there any evidence of injury to the tissues nor cellular 


n other than the primary reaction resulting in the walling off of the thorium dioxide. 











REVIEWS 





Books and Monographs for Review should be sent direct to the Editor, 


Dr. Warren T. Vaughan, Professional Building, Richmond, Va. 


Digrafia* 
HIS monograph describes a new method of roentgenograplhiy for the study of moving 


organs. The principle involved is briefly a series of narrow parallel slats which completely 


cover a film, and which are hinged at the ends in such a way that every other slat may be 





opened at a given time for one exposure, and at any desired interval thereafter the other 
half of the slats are opened to make the second exposure. One half may, therefore, be open 
during systole of the heart and the other half during diastole—both of these being, therefore, 
recorded on the same film, permitting accurate comparison of area, range of motion, ete. The 
principle can be extended in such a way as to include even more exposures on the same film. 
The method would appear to have distinct possibilities and certain definite advantages over 


roentgen-kymographs. 


Sulfanilamide Therapy of Bacterial Infections’ 


ERHAPS, not since the discovery of salvarsan has the introduction of a new chemo 
therapeutic agent aroused more interest than that following the introduction of sulfa 
nilamide. 

Despite the fact that its mode of action and its limitations are still far from clearly 
understood, that this compound possesses remarkable potentialities is becoming more and 
more evident so that this volume, representing a careful survey by workers of experience 
is one to be read with the greatest of interest and profit. 

The book begins with a comprehensive survey of the literature dealing with the su 
fonamide compounds, including a survey of their experimental and clinical use. This is fo 
lowed by a section dealing with the authors’ in vitro experimental studies of sulfonamide an 
their results in the treatment of streptococcal and pneumococcal infections in animals ar 
their experience in the treatment of pneumonia and streptococcal meningitis in man. 

Section IIT discusses the mechanism of the action of sulfonamide. Section IV di 
eusses general therapeutic considerations and the criteria of therapeutic efficiency. 

An addendum of 18 pages reviews studies which appeared after the manuscript we 
to press. 

While presenting a comprehensive survey of the literature it must not be thought t] 
this book is a mere compilation of abstracts. On the contrary, the authors on every p: 
show evidence of ability to evaluate the studies of others as well as their own and of a el 
concept of the complexities involved in the study and evaluation of chemotherapy. 

This is not only a timely book, a thoughtful book and one presenting a well-balat 
consideration of experimental and clinical evidence; it is a valuable contribution of maz 
importance. 


This book should be read by all who are interested in the chemotherapeusis of diseas 

*Digrafia. By Guido Pollitzer, M.D. 104 pages, 41 illustrations. Imprenta Amort 
Buenos Aires. 

*Sulfanilamide Therapy of Bacterial Infections, With Special Reference to Diss 
Caused by Hemolytic Streptococci, Pneumococci, Meningocoecci and Gonococci. By Ralp! 
Mellon, M.D., Director, Institute of Pathology, Western Pennsylvania Hospital: Paul G 
M.D., Pathologist to the Institute; and Frank B. Cooper, M.S., Research Chemist to the 
stitute. Cloth, 398 pages, $4.00. Charles C. Thomas, Springfield, Il. 
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REVIEWS 


The Foot 


HAT this book should have reached a second edition is not surprising, for it presents in 
an eminently simple and practical manner a discussion of ailments, the importance of 
which has not always been emphasized to the practitioner. 
f illustra 


The present edition is enriched by a considerable increase in the number « 
tions, and also by a revision and addition to the text. 


As before, this book may be recommended as one of practical value to the practitioner. 


Handbook of Practical Bacteriology‘ 


HIS deservedly popular English text remains, as before, an eminently practical guide to 
bacteriologic laboratory work and as such can be well recommended. 
It has been thoroughly revised to embody the changes and advances which have taken 


T 


place in the four years since the last edition, 


Clinical Chemistry and Practical Medicine? 


a IS not surprising to find that this book has reached a second edition, for it is an ex 

cellent and practical exposition of particular value to the practicing physician. 
Biochemistry has become an important and almost indispensable adjunct to clinical 

medicine. In this book the physician will find a clear-cut and comprehensive discussion 


‘its practical application to the problems of everyday medicine. 


Clinical Atlas of Blood Diseases‘ 


HOUGH small in size, this volume contains a wealth of readily assimilable information 
and that it has reached a fourth edition is not surprising. 

Five new plates have been added in the present edition, and the text has been re 
sed in accordance with the advances in the field of hematology. 

The physician, the pathologist, and the laboratory worker will find this book a 
luable addition to the working reference library. 


It ean be reeommended with enthusiasm. 


The Troubled Mind‘ 


Y STATED in the preface, the purpose of this book is to present in simple terms a 
: description of mental and nervous diseases, with particular emphasis on the psycho- 


as a disturber of the publie peace. 

*The Foot. By Norman C. Lake, M.D., M.S., D.Se., F.R.C.S., Senior Surgeon and Lecturer 
Surgery, Charing Cross Hospital, etc. Cloth, ed. 2, 366 pages, 113 illustrations, $4.50. 
iam Wood & Co., Baltimore, Md. 

fHandbook of Practical Bacteriology. By T. J. Mackie, M.D., D.P.H., Professor of Bac- 
logy, University of Edinburgh; and J. E. McCartney, M.D., D.Sec., Director of Research and 
logical Services, London County Council. Cloth, 586 pages, $4.00. William Wood & Co., 
imore, Md. 
tClinical Chemistry and Practical Medicine, By C. P. Stewart, Lecturer in Biochemistry, 
ersity of Edinburgh; and D. M. Dunlop, Christison Professor of Therapeutics and Clinical 
icine, University of Edinburgh. Cloth, 372 pages, 38 illustrations, $4.00. William Wood & 
Baltimore, Md. 

§Clinical Atlas of Blood Diseases. By A. Piney, M.D., M.R.C.P., Consulting Physician, 
rnational Clinic, Tunbridge Wells, etc.; and Stanley Wyard, M.D., M.R.C.P., Physician, the 

| Cancer Hospital, London, ete. Cloth, ed. 4, 127 pages, 42 illustrations, 38 in color, $4.50. 
ikiston’s Son & Co., Philadelphia, Pa. 

‘The Troubled Mind. A Study of Nervous and Mental Diseases. By C. S. Bluemel, M A., 

F.A.C.P., M.R.C.S. (Eng.). Cloth, 520 pages, $3.50. Williams & Wilkins Co., Baltimore, 
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The book is divided into eight main sections: JT. Fixed Ideas and Reactions; II. 
Psychoneurosis—Its Manifestations; Il. Psychoneurosis—Its Nature and Causes; LV. 
Traumatic Hysteria; V. Clinieal Types of Inhibition; VI. Sundry Disorders; VII. Mental 
IlIness; and VIII. The Patient’s Role in Therapy. 

It is quite evident from the text that the author has had an extensive and compre 
ensive experience, and also that he has the ability to discuss a complex subjeet ina 
lear and understandable fashion. 

\ glossary is appended for the lay reader. 

Those who read this book will undoubtedly have a better understanding of the 


ental mechanism and a clearer appreciation of the disturbances to which it is subject. 


A Textbook of Bacteriology 


| HIS second edition, written in considerably fewer pages than the average textbook 
on } 
t 


bacteriology, seeks to present only the fundamental and definitely accepted phases 


the subject. The book is coneise, practical, and sufficiently complete for the beginner. 
This is quite in keeping with the feeling of the author: that the beginning student or 
practitioner cannot assimilate the subjeet matter given in the more inclusive textbooks, 


Pathological Technique; 


E' ERY laboratory must appreciate the appearance of Dr. Mallory’s new presentation 
ot pathologic techniques, 

‘L have undertaken the writing of this book as a result of many requests for a mod 
ern presentation of aecepted pathological techniques,’’ Dr. Mallory writes in beginning 
the preface to the book. ‘* Technical methods are constantly changing in pathology as ir 
other branches of science. The wisest plan in issuing a book like this seems to be to re 
tuin the best of the past and to add only the most promising methods of the present.’ The 
author has done just that, and in the same degree of excellence that characterized the old 
Mallory and Wright of more than a decade ago. The new publication retains only the a 
epted techniques of the past, and includes the more modern procedures which up until now 
have been accessible only in the foreign literature or individual publications, 


For vears the pathologic laboratory has felt the need for such a book as Dr. Mallory’s, 


nnd a cordial welcome is assured, 


General Bacteriology: 
A COMPREHENSIVE textbook of general bacteriology intended especially for the medical 


student. The fact that the book has reached a twelfth edition speaks for its useful 
ness, Dr. Burrow’s revision considers the field of bacteriology from the broader point of 
view, especially clinically, leaving, as indicated in the preface, the more special laboratory 


procedures to manuals of bacteriology. 


*\ Textbook of Bacteriology By Thurman B. Rice, A.M., M.D., Professor of Bacteriolog) 
ind Public Health, Indiana University School of Medicine. Cloth, 554 pages, $5.00. w. B 
Saunders Co., Philadelphia, Pa 

+Pathological Technique. By Frank Burr Mallory, A.M.. M.D., S.D., Consulting Pathologist 
to the Boston City Hospital Cloth, 397 pages, $4.50. W. B. Saunders Co., Philadelphia, Pa 


tGeneral sacteriology. \ Textbook. By Edwin O. Jordan, Ph.D., Formerly Professor of 
Bacteriology, University of Chicago Revised by William Burrows, Ph.D., Assistant Professor 
of Bacteriology, University of Chicago. Cloth, ed. 12, 825 pages, $6.00. W. B. Saunders Co., 


Philadelphia, Pa 














